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ARTIFICIAL PNEUMOPERITONEUM
AN ANCILLARY METHOD OF TREATING PULMONARY TUBERCULOSIS

A critical Analysis of 40 Cases.

PART ONE
OBJECTIS OF THE PRESENT STUDY.

The work, which forms the foundation of this
‘monograph, was executed in the City of Glasgow Hospital
and Sanatorium at Robroyston. The institution was, until
quite recently, whdlly given over to the treatment of
pulmonary and non-pulmonary tuberculosis and even in
recent years provides accommodation for about 450 tuber-
culous persdns, of whom close on 300 are under treatment
for lesions which are mainly respiratory and tuberculous.
In general the lesions found on admission are by no means
early and an all too great proportion are frankly advanced.
There is, however, a/tendency manifest to admit patients
with earlier lesions in greater numbers, a tendency which
is presumably a result of the effects of the hQSpital‘
administration to encourage to the maximum degree the
;mplqyment of»all reasonable methods of collapse therapy.
Serutiny 6f the Reports ofithe(103’104)uedica1 Officer of

Health for Glasgow show that in 1936 the hospital staff
utilised/
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utilised collapse treatment in 34 instances, whereas in
1939 collapse in some form or enother was the method of
choice in treatment for 180 patients. The writer having
been successively junior and, later, senior resident
medical officer in the.institution is fully aware that
coilapse therapy cannot be the sheet anchor of treatment

in any but a very few patients, bﬁt he has been associated
long, enough with tuberculosis to realise that cellapse of
a diseased lung or parts of both lungs, where both are
affected, is surely the greatest recent advance in the
treatment of tuberculosis. Collapse canndt, as & statement
of general opinion among phthisisologists, replace sanatorium
regime, but as an ancillary method in a prolonged course of
treatment it can utterly transform the outlook of numerous
patients and greatly expedite their recovery.

Coincidental with the growing tendency to employ
the numerous methods of collapse, there has been & widening
of.the views as to the indications for its employment.

Time was when these valuable restorative operations were
reserved for those fortunate few whose disease was strictly
unilateral. For even such & simple measure as artificial
pneumothorax, rules were laid down as to the extent and the
activity of lesions in the bétter lung; which would permit

or totally forbid the collapse of the more diseased organ.
These/
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These rules were proportionately more stringent for such
major procedures &s thbrﬁcoPIastic opérations. While such
points will be referred to later, it seems that the
widening indications for collapse of tuberculous lungs
results from the realisation that & small active lesion in
the better lung is often the result of the uncontrolled
spread of mischief in the more extensively diseased organs;
and}that healing of the lesser cannot take place without
rigorous control of the greater lesion. Further departure
from the early rigid rules came from the realisation that
relaxation or removal of tension was, in many instances,
all thaivwas necessary; and the esarlier totélly collapsed
compressed lung gave way to the partially collapsed relaxed
lung.

Even so regarding the tendencies as pointing to
widening usei‘uiness, there remains, and will remain, the
large group of pdtients in whom there is neither & good
nor a better lung, nor lesions in\separate lungs which can
be distinguished readily in age. These unfortunate people,
most often suffering from not only extensive bilateral
tuberculosis, but also showing all the signs and symptoms
of actively spreading lesions, find themselves in wards
where active measures are being applied to a majority of

patients/ -
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- patients. They realise soon that they are more advanced

in their lesion;, more ill than the others, and psychologically,
as well as physically, they deteriorate rapidly. I% was for
these people that artificial pneumoperitoneum was introduced
inio Robroyston Sanatorium by the author as & method of
treatment. In the course of this thesis it will be argued
that such a procedure is anatomlcally and phy31ologically
\correct that it does attain relaxation of the thoracic
contents and in consequence of that it is capable of
ameliorating the condition of those patients who are treated
by it; in short that the results given justi€y the writer in
his hope that art1f1c1a1 pneumoperitoneum will take its
place on the ladder to health, the steps of which are the
forms of collapse therapy, the shafts of which are found

in the established mutine of & well conducted sanatorium.

HISTORICAL SKETCH.

Artificial pneumoperitoneum which is the deliberate
introduction of air into the peritoneal cavity, is not a i
~recent innovation into the field of medical science for it
has been known and used for hore than a third of a century,
dating'back; in fact, to the end of the 19th century. Since
no study'of artificial pneumoperitoneum would be complete,in the
duthar’s opinion, without some historical reference and as the

important/
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important phases in its chequered history are not devoid
of interest, the writer proposes at this juncture to trace
the history of pneumoperitoneum commencing ﬁith its
introduction to the medical profession between 50 and 60
years ago.

It first came to notice in 1861, when Spencer
Wells(IBO)unintentionally operated on a patient with
tuberculous peritonitis with & prompt recovery. The fact
that the patient's intestinal condition improved after the
laparotomy inspired many people to investigate the possible
relationship between the operation and the intestinal
lesion, but it was not until 32 years later, that the first
publication appeared. Thus it happened, in 1893, that
Mosetig-Moorhof(Sa)sent an article to the press in which he
called attention to a new line of treatment in tuberculous
peritonitis. He reported a case with ascitic fluid, and
with tuberculous epididymitis as a complication. The author
stated that he excised the testis, evacuated the fluid,
1700 ccs. approximately, from the abdomen via the inguinal
canal and then he passed aseptic air by this same route up
into the abdomen. The child is said to have made & recovery
in 5 months. This observation was confirmed in the same
year by Nolen(89)in Germany. He reported 3 cases, with

recovery/
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recovery in 2 instances, the third patient dying with
advanced abdominal tuberculosis. 6

In October 1910,‘Jacobaeus('8) in Stockholm
published an article bringing to the notice of the medical
profession the possibility of and diagnostic value of
cystoscopic examination in serous cavities, including the
peritoneal cavity. Cystoscopic exemination of the latter,
of course, was to be preceded by & pneumo-peritoneum. One
month later, in the same year, Kelling(77) working in
Dresden proved the value of Jacobaeus teachings by making
use of pneumoperitoneum, for the first time, with a
diagnostic objective.

In France Emile-Weil(44)and Loiseleur reported
6 cases of tuberculous peritonitis in which treatment was
carried out by paracentesis followed by injections of air.
Two of these six cases had nitrogen injected and in 3 cases
& complete cure was effected. In Italy, Alessandrini(l)
published an article in which he indicated the great
possibilities and advantages of artificial pneumoperitoneum
in radiological work as a means of diegnosing abdominal
lesions.

About this period there began to appear series of

observations on pneumoperitoneum and its beneficial effect

on tuberculous peritonitis. Numerous authors began to

contribute/



- 11 -

(23)
contribute and testify to its effectiveness. Thus Brown,
(108)" (100) (121)
Rost, Purvis and Bileliffe Stein (A), were among

the first to lay stress on the conservative treatment of the
exudative form of tuberculous peritonitis by paracentesis

with evacuation of the fluid and subsequent oxygen inflation.

(84) (80)
Others who reported similar findings were Mattrick, Laney,
(61) (55) (69)
Hayes, ( Gagbat, Jelks, Girilbert, Schwatt and
114
Steinbeach. During the following four years the measure

appears to have been applied mainly to radiological work as
an aid in disgnosing pelvic 1esionss673aches and Stein (§%22,123)
applied it as & means of diagnosing obscure gynaecological
conditions. Other workers employed pneumoperitoneum &s &
means of investigating lesions of the abdominal organs out-
with the pelviec region. Schiede£113)and Peiffer maintained
that it was invaluable as a means of diagnosing suprarenal
tumours, while Bolle§19)and Pape asserted that pneumoperitoneum
was very effective as & method of diagnosing abdominal
tumours, as for example, cysts. The merit of the application
of pneumoperitoneum in the treatment of intestinal tuberculosis,
in America, belongs to Andrew legéﬁigi, who employed this
method and who expatiated at length on its indicatiomns, its
method of execution and its results.

What has been indicated hitherto gives some history

of artificial pneumoperitoneum as a diagnostic procedure
and/
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and as & therapeutic measure in intestinal tuberculous
lesions. It has been applied also with success in pulmonary
tuberculosis. In 1930 Overholt, experimenting on dogs,
found that pneumoperitoneum elevated and limited the
-movement of the diaphragm. The first clinical reports of

its application to disease in man were those of Ludwig Vajdg127)
who applied this form of treatment to two cases of haemoptysis
in pulmonary tuberculosis. In 1934 Banya§12)reported his
observations in 9 cases and in this publication he included
for the first time in medical literature the combined use

of phrenic nerve interruption and artificial pneumoperitoneum.
In 1934 and 1936, Centoscud§27,28)applied pneumoperitoneum

to 19 cases of pulmonary tuberculosis. He, too, recommended
the surgical paralysis of the diaphraegm in combination with
pneumoperitoneum, and in the same year Schlacillz)advised
phrenic neurotomy and artificial pneumoperitoneum for
collapse of an adherent lung. In 1936 Werwatélzl)applied

it to puerperal cases suffering from bilateral pulmonary
tuberculosis and in the same ye&r BehberélOZ)found its
usefulness in arresting haemorrhage from the lung. The
following year, 1937, V&jdélza)discussed the feasibility of
pneumoperitoneum early in the puerperium. Other workers

who have proved the efficacy of pneumoperitoneum in certain

cases/
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(126)
cases of pulmonary tuberculosis are Trimble and Wardrip,

Fremmeg.51 and Bennetg%7) In the same year Piaggio-Blanchg95)
maintained that it was of some value in pulmonary emphysema
and in the following year, 1938, Besta(la)and Dutrenit applied
it to phthisis with results very much similar to those of
the Ameriéan writers, Trimble and Fremmel, et al. They
paid, however, particular attention to the control of
pulmonary haemorrhsage by pneumoperitoneum and they observed
also the favourable effects which pneumoperitoneum produced
on the gastro-intestinal symptoms secondary to phrenic nerve
paralysis. (60)

Harper and Levin illustrated rather an interesting
.case in which pneumoperitoneum was applied to a woman who
had a left-sided phrenic nerve operation and a thoracoplasty
in this same side. This patient appears to have complained
of the characteristic syndrome which follows sometimes &
left-sided phrenic nerve operation, consisting of decreased
appetite and a feeling of fullness associated with nausea
and vomiting. Previous X-rays reveasled in this case an
acute engulation at the outlet of the stomach with resultant
partial and intermittent obstruction. Pneumoperitoneum was
induced and caused & marked improvement of the patient'é
symptoms and a great improvement in the anatomical position |

of the stomach. They reported that the stomach changed to
a/
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a more transverse position, the pylorus and duodenum moved
over to the right side of the vertebral column and no
longer showed evidence of the tension and acute angulation
which were previously seen.

More recent work in connection with pneumoperitoneum
continued to show its progress in other countries. In.
1940, for example, articles were published confirming the
different therapeutic apg%%gations of this procedure. 1In
June of that year, Barron in Spain confirmed the findings
of previous workers. He stated that pneumoperitoneum was
very valuable in reinforcing the mechanical effects of
phrenic evulsion or in checking pulmonary haemorrhage which
cannot be controlled by other means. In December 1940,
Joneg71)was able to cauterise adhesions between the liver
and diephragm. By this means the diaphragm became elevated
to a much higher level when the restricting bands of
adhesions were removed between the liver and the diaphragm,
and as & result, the patient derived the full advantages
of therapeutic artificial pneumoperitoneum. He stated that
there were no complications, during or after this operation.

Since 1933 Continental and American workers have
attempted to bring this form of collapse therapy to the

notice of the medical profession but so far as the writer

knows artificial pneumoperitoneum has not received any

official/
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official recognition in England, and, except for his own
(182,183)

publications in 1940, there have been no British.

contributions suggesting the inclusion of this form of

treatment in the therapeutic armamenterium of pulmonary

tuberculosis.

The term artificisl pneumoperitoneum is used in
contra-distinction to spontaneous pneumoperitoneum in
which the latter is due to an existing pathological lesion
in which air passes from an sbdominal viscus into the

(134) (111)
periton?aé)cavity, as e.g. rupture of stomach duodenum
3 .
or bowel or from the pleural space into the peritoneal
cavity, as e.g. during a refill when the diaphragm has been
elevated following on a phrenic crush. This type of
pneumoperitoneum is sometimes called accidental pneumoperitoneum
. (117) (53) (24) (93) (43)
or indirect pneumoperitoneum, and in this thesis the term
pneumoperitoneum will infer direct pneumoperitoneum in the
more restricted sense of & deliberate insufflation of air

into the peritoneal cavity effected with a therapeutic end.

JTHE DIAPHRAGM.

Anatomical, embryological and physiological features.

(a) ANATOMY: Since the diaphragm is intimetely
concerned with the mechanism of pneumoperitoneum it is

fitting that a brief outline should be made of its anatomical

characteristics/
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charascteristics. Several of the complications which have
been reported e.g. mediastina&lj)emphysema, are understood
more easily when the anatomicai relstions of the diaphragm
are studied.

The diaphragm is a dome-shaped musculofibrous
septum which seperates the thoracic and abdominal cavities.
Its convex upper surface forms the floor of the former, and
its concave under surface is the upper limit of the latter.
Its peripheral part consists of muscular fibres which teake
origin from the circumference of the thoracic outlet and
converge to be inserted into & central tendon. The muscular
elements may be grouped according to their origin into
three parts, sternal, costal, lumbar. The sternal portion
arises from the back of the xiphoid process by two fleshy
slips. The costal bundles arise from the inner surfaces
of the cartilages and adjacent portions of the lower six
ribs on each side, interdigiteting with the origins of
the transversus abdominis, and the lumbar part takes origin
from the lumbo-costal arches and from the lumbar vertebrae
by two pillars or crura. There are two lumbo-costal arches
formed by a medial or internal arcuate ligament and a
lateral or sternal aréuate ligament, on each side. The
orura are tendinous in structure at their origin and blend

with/
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with the anterior longitudinal ligament of the vertebral
column. Tﬁe right crus is larger and longer than the left
and it arises from the anterior surfaces of the body and
the fibrocartilages of the upper three lumbar vertebral;
the left crus arises from the corresponding parts of the
upper two vertebrae and discs only. The medial tendinous
margins of the crura meet in the middle line to form an
arch across the front of the aorta.

From these origins the fibres of the diaphragm
converge to be inserted into the central tendon. The fibres
from the xiphoid process are §hort and occasionally
aponeurotic. Those from the medisl and lateral lumbo-costal
arches and from the ribs are longer and describe more curves
as they ascend and.converge to their insertion. The fibres
from the crura diverge as they ascend, the most lateral
being directed upwards and lateral to the central tendon.
The medial fibres of the right crus ascend on the left side
of the oesophageal hiatus. The central tendon is a thin
but strong aponeurosis situated near the centre of the
vault formed by the muscle, but situated more anteriorly
than posteriorly, so that the posterior fibres are the
longer. The tendinous central part is placed immediately
below the pericardium, with which it is blended partially;
as a result of this arrangement elevation of the diaphragm

will/
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will influence the hilar region of the lungs, indirectly,
through the pericardium. It is also worthy of note that
since there is & great aggregation of muscular fibre in

the crure and that a considerable decussation of the right
and left pillars of the crura occurs, there must be community
of action.

The diaphragm is pierced by apertures for the
péssage of structure between the thorax and abdomen. There
are three large openings for the aorta, oesophagus, and the
vena cava; & number of smaller apertures are present.

The aortic is the lowest and most posterior hiatus and lies
about level of the 12th thoracic vertebra and allows passage
to the aorta, the azygos vein and the thoracic duct. The
oesophageal aperture is situated in the muscular part of
the diaphragm at the level of the 10th dorsal vertebra and
is formed by the splitting of the medial fibres of the right
crus. The caval formen is the highest of the three large
openings being situated between the 8th and 9th thoracic:
vertebrae. Through it passes the inferior vena cava, the
walls of which are adherent to the margin of the opening,
and some branches of the phrenic nerve. Of the lesser
openings, two in the right crus transmit the greater and
the lesser splanchnic nerves. Three in the left crus give

passage to the greater and lesser splanchnic nerves and

the/
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the hemiazygos vein.

| The diaphragm is innervated by the phrenic nerves
and the lower six or seven pairs of intercostal nerves.
These nerves are associated intimately with the distribution
of pain which occurs during an initial insufflation of air
into the peritoneal space.

The phrenic nerves &re regarded as the main motor
nerves to the diaphragm. Each arises chiefly from the
fourth cervical segment of the spinal cord but the third
and to a lesser exteﬁt the fifth segments contribute to it.
On each side the nerve passes down from the neck through
the thorax to the diaphragm, where it ends by supplying
the motor fibres to the muscle of the diaphragm and sensory
fibres to the peritoneum lining its under surface and the
pleura lining its upper surfaces. Stimulation of these
sensory nerves by pneumoperitoneum causes pain to be felt
in both shoulder regions. The pain may be felt in either
the whole or part of an area extending from an ill defined
line just below clavicle and peassing over the supraclavicular,
across the upper surface of the scromion process and over
the supra-scapular fossa. The cutaneous nerves of this.
region, in which this referred pain is felt, are the descending
branches of the third and fourth cervical nerves which are

finally/
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finally distributed to the skin as the supra-sterhal,vsupra-
claviculer, supra-acromial branches. It will be noticed
that these nerves arise from the same segments of the

spinal cord as the phrenic nerve, and they may be regarded,
morphologically, as the superficial branches of this

nerve. The explanation for this apparent anomaly is provided
by the developmental history of the diaphregm. This will
be summarised in a later paragraph when the embryology of
the diaphragm is studied. Briefly, it may be stated however,
that originally the diaphragm formed in the neck, migrates
in a ceudal direction, at a very early period of intra-
uterine life. This development of the diaphragm occurs
simultaneously with the development of the lung buds from
the primitive foregut, and the expanding lungs are said to
push the diaphragm down below them to its permanent position
at the lower end of the thorax. It can be seen, therefore,v
that the developmental history of the diaphragm is recalled
when it receives a painful stimulus. The patient complains
at once of pain in the shoulder as a result of such
stimulation.

| (26)

In 1922 Capps and Coleman reported some
interesting observations on the localisation of the pain
sense of the diaphragmatic peritoneum. The method they
adopted was to insert a trocar through the gbdominal wall of

patients/
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patients who suffered from ascites or in whom they had
induced an artificial pneumoperitoneum. Through this
trocar a cﬁrved wiré wa.s passed which was made to impinge
on various parts of the diaphragmatic peritoneum from
within the abdomen and so cause pain originating from the
various points stimulated. When the under surface of the
diaphragm was stimulated in three patients, pain was felt
solely in the area of the shoulder but when the extreme
periphery of the diaphragm was stimulated, pain was felt
solely in the superficial distribution of the lower inter-
costal nerves on the overlying costal margin.

The arterial supply of the diaphragmatic portions
is quite distinct. The crura are supplied direct from the
aorta; the costal portions from the comes nervi phrenici,
a branch of the mammary artery, and the twigs proceeding

from the lower six intercostal arteries.

:(b) EMBRYOLOGY:  Before commencing a discussion
of’ the asction of the diaphragm it is expedient to study
the development of the diaphragm briefly, as its function
is appreciated more easily when it is considered from a
developmental view point.

The diaphragm very early in the life of the human

embryo, is situated at the cephalic end but it shows soon

evidence/
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evidence of passing caudally, until finslly it forms a
partition which separates the intra-embryonic ceolom into

the thoracic and abdominal cavities. The pericardium lies
also at the headward end of the embryonic area and it
communicates caudally on each side of the median plane,

with the rest of the coelom. When the head fold becomes.
formed, the pericardium communic&tes dorsally with the
pleural passages by means of two pleuro-pericardial canals,
which open caudally into the peritoneal cavity, the former
passages being themselves extrusions of the primary coelomic
cavity. As the lung buds develop they grow into the pleural
passages caudal to the duct of Cuvier and their caudal ends
project into the peritoneal cavity. Sir 4. Keith(54)states
that the pleural cavities are analgous to the tunica vaginales
since they are both extensions of the primery intra-embfyonic
coelom but the difference between the testicles and the lungs
is simply that in the former all three layers of the hind

gut are pushed in front, while in the latter only the inner
of the three layers of the foregut of the cavity is perforated,
and instead of'being extruded into the beck, they push down
the inner layer which goes to form the diaphragm. The pleuro-
peritoneal apertures are simply the opening through which the
lungs pass from the primitive abdominsl cavity to the pleural
cav%ties. They are situated on either side\and divide each

half of the diaphragm into a dorsal portion which arises from
the/
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;the spine and arcuate ligaments and a ventro-lateral portion
arising from the ribs and sternum. The closure of these
openings complete & mesodermal partition which separates
the thoracic from the abdominal viscerae and this same sputum
occupies the position of the diaphragm in the adult. This
partition has & composite origin. The central tendon is
developed from the Septum Transversum. The dorsal portions
are formed from that position of the body wall called the dorsal
mesentery, which is inserted into the pericardium and Septum
Transversum. The ventro-lateral parts are developed from
the longitudinal musculsr sheet from which the Rectus
Abdominis is derived. So also the ribs which become formed
in thé chest wall. The ventro-lateral part takes origin
from the six ribs posteriorly and is continuous at its
insertion with the Septum Transversum.

Embryologically it would seem that the diaphragm
is made up of two major parts which differ in their functions.
One, the spinal parts, which act on the heart and pericardium
and through them to the roots, elongating the thorax, &and

another the sterno-costal parts which act on the ribs.

(c) PHYSIOLOGY: Having outlined the embryology
and the anatomy of the diaphragm it remains now to make

reference/
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reference to the -action of the.diaphragm as this function
is of importance when the effect of pneumoperitoneum on the
lung is considered.

| Although the primery function of the diaphragm as
Joneg70)says "is the elemental one of compressing the coelom"
and "is most correctly regarded as an instrument for raising
the general intra-coelomical pressure", it is a&as a
reSpiratdry organ with which the writer is concerned chiefly
and its function as such will be discussed.

There is no doubt that the downward movement of
the diaphragm, by increasing the intra-thoracic negative
pressure, is concerned to some extent in the aeration of all
areas of the lung. It was originally thought that palsy of
the diaphragm only affected the basal lesions. In 1890
Pasteu§94)published an article in which he maintained that
paralysis of the diaphragm was the cause of post-operative
massive collapse of the lung. He stated that paralysis of
the diaphrsgm tended to induce & loss of function of the
subjacent lung, which, as he said, "is caeteris paribus,
proportionate to the degree of paralysis". Whether it has
a. greater effect on one area than another is a debatable

(74,75,76)

point. Sir Arthur Keith has brought convincing evidence

to show that the apex of the lung and particulaerly the

posterior/
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posterior part of the apex is largely dependent on the
part of the diaphragmatic action for its proper aeration.
Sir Charles Briscog?l)although differing from Keith in
certain details, was of & similar opinion. The importance
of the diaphragm in expanding the apex of the lungs has not
been disputed to any extent. The lung below the apex is
expanded by both cosfal and diaphragmatic action. |
Controversy has ranged chiefly round the question of what
each part plays in their correlated actions. Briscoe,
Keith end Dally all agreed that the action of the
diaphragm on the lower ribs was to assist the external
intercostals in raising the ribs end widening the subcostal
angle. Hooveréz)opposed this view. He held that the action
of the diaphragm was antagonistic to the externsl intercostal
muscles and that contraction of the diaphragm tended to pull
the lower ribs forward towards the middle.and lessen the
subcostal angle. He produced a mass of experimental and
clinicel ‘evidence to support his opinions.

The general conception of the functions of the
diaphragm msy be described as follows. It seems to have a
piston like action during inspiration. It expands the
basal parts directly and through them the apical areas.

The musculsr crura act on the pericardium and they have &

direct/
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direct action on the lung roots. The effect of the diaphragm
on the lower ribs is very difficult to determine. It is
generally believed that the diaphragm acts on the external
snd internal intercostal muscles causing them to produce an
elevation of the ribs, at their anterior portiomns, and
through the costo-chondral facets of the lower ribs push the
sternum forwards thus resulting in a bending &t the chondro-

sternal articulation.

MECHANISM OF PNEUMOPERITONEUM.

Before discussing the technical and clinical
aspects of artificial pneumoperitoneum, it will be necessary
to discover what changes take place, in both the abdomen
and the thorax, after air has been allowed to enter the
peritoneal cavity. The bulk of the available literature
has already been summarised and need not, with & few
exceptions, be quoted again.

Artificial pneumoperitoneum, if it has those
salutary effects in pulmonary tuberculosis which the writer
claims for it, must have those effects as a result of changes
in the abdomen, which in turn will affect the general intra-
thoracic physiology considerably. Ideally it should be
possible to quote asuthoritative literature on experimental

pneumoperitoneum, but references sare few and far between.

The/
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The writer has approached, therefore, the subject as he has
viewed it from the study of his own patients and it can
best be surveyed under the following headings:-
(1) The behaviour of the gas in the peritoneal cavity.
(2) (a) Changes in the intra-abdominal pressures.
(b) Changes in intra-pleural pressures. |
(3) The influence of pneumoperitoneum on the
diaphragm and on the lungs.
(4) (a) The effect of pneumoperitoneum on the
abdominal parietes.

(b) Visceral changes.

(1) The bahaviour of the gas in the peritoneal cavity.

If must be quite obvious that to have & considerable
and therefore effective pneumdperitoneum, the coelom must be
free of pathological adhesions over its maein extent. Since,
as will be shown later, pneumoperitoneum acts by virtue of
an elevation of the diaphragm, any fector which prevents
air coming into direct apposition with the diaphragmatie
dome will seriously reduce the effectiveness of the operation.
Even in the absence of limiting pre-existing adhesions,
radiological examination shows that while even in the early
period of treatment some air does appear above the liver

and stomach, a larger proportion tends to remain localised

in/
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in the flanks where its influence is wholly misdirected.
This wasteful spread of the injected air can, however,

be overcome by the application of & tight deep abdominal
binder, after which fluoroscopy usually shows a great
increase of the air beneath the diaphragm and & proportional
lessening of that in other parts of the coelom. The binder
has the same usefulness whether or not the patient has a
firm tonic abdominal wall, but obviously where as a result
of previous distension, for example pregnancy, the parietes
are lax, it must be reckoned as of primary importance in
increasing the intra-abdominal pressure.

Certain elementary physical laws influence the
disposition of the air. In relation to the physically
fluid gut and gut contents the air will tend to rise. The
euthor has taken advantage of this fact by performing the
operation while the patient is in s sitting or at least
& semi-recumbent position. In this position the air rises
immediately to the dome of the disphragm and the bowei of
its own weight tends to fall to the lower half of the
abdomen. Fluoroscopy proves this beyond question, and
percussion of the area of liver dullness shows its rapid-
lessening or total disappearance. In the recumbent
position, percussion reveals first of all an increase in the

tympany of the mid-abdominal zone, only slowly followed
by/
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by a relatively slight lessening of the liver dullness.

(2) (a) Changes in the intra-abdominal pressure.

Whereas in artificial pneumothorax, the manometer
gives practically all the essential information, in
artificial pneumoperitoneum in the early stages, it is
inadvisable to be guided solely by the manometric excursions.
Where excursions are obtained they are small and result
either in a mean reading of zero or & little more or less
add up to a definite but small positive pressure reading.

It is in fact difficult to place any relidnce on them, and
the absence of any excursion whatever need not be taken

a&s indicating that the coelom and the apparatus for
insufflation are not in communication. It must be
remembered too that as opposed to therapeutic pneumothorex
the reedings &are paradoxical, being positive during
inspiration and less positive during expiration. The point
is of some importance if certain sites are selected for

the initial operation. Generally speaking the nearer the
needle point is to the diaphragm the greater is the amplitude
of the excursion. They are said to be larger when the
induction is undertaken in the hypochondriac regions. It
might appear, therefore, from what has been said; that there

is little to inform an operator that the entering needle is

in/
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in such & position that air may safely be allowed to enter.
Actually no such doubt need exist. When it is recalled

how easy and harmless is the giving of an intra-peritoneal
infusion to a child, & clue to a safe technique is
immediately given. If, after the more superficial abdominal
wall has been perforated, air be allowed free access to the
abdomen, by opening the nécessary clips on the apparatus,
this air will flow after the coelom is entered. ' Of necessity
uging this method, pre-insufflation readings cannot be taken,
but as has been pointed out they are of questionable
reliability for clinical purposes. The air flow can be
stopped at any stage during the insufflation and any desired
readings taken. Apart from the ease with which air enters
the free coelom additional evidence that the operation is
‘proceeding smoothly can be obtained by noting (1) the absence
of emphysema of the abdominal wall (2) the increasing
fulness of the abdomen as a whole (3) the rapid lessening

of the area of hepatic dullness (4) borborygmi, probably

the result of increased neuromuscular activity of the gastro-
intestinal tract produced by inflowing air? and (5) the

- patient's statement, difficult to explain, that he or she

can feel air going into the abdomen. (6) In & well
-established case, the easy entry of the needle into empty

space is proof enough of the location of the point of the

needle in the peritoneal space.

As/
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As a result of the insufflation of &ir into the
coelomic cavity, and more particulerly since the insufflations
are on the average large and about 1000 ces., the intra-
ebdominal pressure would be expected to rise. In the
40 cases reviewed, in which the initial intra-abdominal
mean pressure could be assessed, the average change in
pressure showed a rise in eighteen cases, & fall in fourteen
cases. In the remaining eight there was no appreciable
change despite proof of the pneumoperitoneum having been
successfully achieved. After the pneumoperitoneum had been
established pressures became assessed more easily and after
each refill the average rise was 12 cms. of spirit. Those
in whom the pressure fell or remained as &t the commencement
of the induction are capsble of simple explanation. This is
dealt with more fully in a later section, but it will
suffice meantime to state that as & result of the rise of
the diaphragm and of & reflex relsxation of the abdominal
musculature, the peritoneal cavity is enlarged after the
insufflation and the pressure falls. Further, if the
diephragm had been previously paralysed by operation and
where less active and more fibrotic as a result of pulmonary
disease, m8nometric readings became of the "pneumothorax”

type; the inactive diaphragm was drawn up into the thorax
during/
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during inspiration by the increased negativity of the
intra-pleural pressures asbove and the positive intra-
abdominal pressure exerted below. In this respect manometric
oscillations at the end of the insufflations were paradoxical
as compared with the average pneumoperitoneum. This
happened‘in five instances.

The influence of an abdominal binder applied firmly
after induction or a refill is best illustrated by one case
record. While in the main it is inadvisable to depart from
routine procedures in phthisical patients,'this one girl
was unusually co-operative. After an injection of 1500 ces.
the meen intra-abdominal pressure was 7 cms. of spirit. The
needle was kept in situ and the connections to the manometer
kept open, while a many tailed bandage was appiied to the
abdomen. It was found that as the binder was tighteﬁed so
the pressure rose. When it was as tight as could comfortably
be borne the intra-abdominsl pressure had risen to 22 c.ms..
of spirit. The value of the tight abdominal binder in
causing an increase in the intra-sbdominsl pressure with
subsequent increase in elevation of the diaphragm has been

(57,58,59)  (50)

appreciated by workers such as Gordon, Foix and Mattie.

(2) (b) Changes_in the intra-pleural pressure.

Since, as will be shown later, the diaphragm rises

considerebly/ .
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considerably undei the influence of pépumoperitoneum, it

can reasonably be expected that the intra-pleural pressure
will become less negative. Salkigllogelieves this to be

the case. The author's series did not, however, offer

scope sufficiently adequate to confirm or deny this
observation. Either the pétients' general condition was
such as to contra-indicate any pneumothorax, or pneumothorax
having been tried, the pleural spaces were found to be
obliterated and so rendering a manometric reading impossible.
In one case, however, it was thought advisable to supplement
an existing artificial pneumothorax by artificial
pneumoperitoneum. The &average manometric readings for three
entries into the pleural cavity before abdominel insufflation
were - 9 cms - 12 cms. and-21 cmé. - resulting in a mean
intra-pleural pressure before refill of the pneumothorax

of - 14 cms. of spirit. Similarly three pleural readings
soon after the establishment of an artificial pneumopéritoneum
were - 9 cms, - 9 cms. - 5 cms. averaging - 8 cms. of spirit.
Comparison shows that the intra-pleural pressure would
appear to have risen 6 cms., or in fact to have become less
negative. Itself of no great importance, this lessened
negativeness implies a proportionally “essened strain on both

healthy and diseased lung tissues.

3./
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3. The influence of pneumoperitoneum on the diaphragm

and on the lungs.

A rise eccurred in both diaphragmatic domes in
each of the forty cases under discussion and this was
confirmed by fluoroscopy and verified by measurements on
X-ray plates taken before and after induction of the
pneumoperitoneum. The comparative measurements of the
positions of the domes of the diaphragm was obtained by
dropping & vertical line to the diaphragmatic domes, and
at right angles to a horizontal line drawn across the
upper surface of the transverse process of the first thoracic
vertebra. It was found that the average elevation was
2-3 ins. In six cases there was a greater rise in the right
side when compared with the left side. The maximum elevation
obtained in this side was four inches. In three cases the
left side of the diaphragm was more elevated than the right
side. These results differ slightly from those recorded
by Banyag%4)ﬁe found that there was a tendency for the left
side of the diaphragm to be more often elevated than the
right side. He believed this was due to a mobile stomech,
which allowed & larger amount of &ir to collect beneath
the dome of the diaphrégm in the left side. In five cases
a much greater rise in the hemi-diaphragm followed
interruption of the phrenic nerve. While comparison is

difficult/



difficult between the effects of any two phrenic nerve
interruptions, there was little doubt in the suthor's mind
that in these five cases the rise in the diaphragm wes
greatly accelerated by the pressure of air beneath it.

( cf. X-ray plate No. VII). But while a combination of
pneﬁmoPeritoneum and phrenic nerve interruption gives a
high rise in an immobile diaphragm, it was found that in
fourteen cases the diaphragmatic movements were greatly
reduced and as already mentioned, movement became paradoxicel
in five cases. Further the diaphragm became atonic in time
and in appearances approximates to & diaphragm long
unaccustomed to movement. To some extent this effect may
be due to the diminished spasticity which follows adequate
treatment of the lung lesions.

The changes in the volume of the lungs are
difficult to assess on so few cases, and the literature of
pneumoperitoneum mekes scant reference to the subject. A
study of the respiratory rates of the patients under review
gives no conclusive result. A rise in the respiratory rate
and a decrease in the respiratory excursion were noticed
in sbout ten of the patients but it waf referable only to a
short period towards the completion of and immediately
following & refill; and more particularly if the refill were
large (1500 ces.). The amplitude of the respiratory

excursions/
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excursions became greater in some during an equally large
inflation, but & short time after the completion of the
operation there was no visible departure fiom the normal
depth of respiration. Changes in the vital capacity were
equally indefinable. Individual changes covered a wide
range, and while it would be expected that a fall in the
vital capacity would occur as the pneumoperitoneum became
effective, this was not always the writer's experience.

The average vital capacity was about 1600 ces. and of those
showing & drop, the average drop was about 200 ces. Nine
cases showed no alteration whatever and nine cases
demonstrated & rise in vital capacity averaging 130 ccs.
This last finding is somewha&t surprising but it must be
remembered that the discrepancies in vital capacity already
shown appear to be equally common after bilateral interruption
of the phrenic nerve trunks. Cohen angzzillauer in their
review of bilateral phrenic nerve paralysis have recorded

& rise in some of their cases.

(4) (&) The_effect of pneumoperitoneum on the sbdominal parietes.

Almost as soon as air is allowed to enter the
peritoneal cavity, one can meke out & slight degree of
rigidity of the abdominal musculature, fairly well localised

to & small area surrounding the site of inflation. As

already/
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already mentioned there was & diminution of the respiratory
movement generally and the abdominal movements were
coincidentally reduced. Relative th the amount of air
injected the abdomen distended, there being, as would be
expected, a physiological relaxation of the abdominel wall,
(110) (129)
Salkin and Waggoner .have done much work on this aspect of
the subject and they point out that it represents a reflex
attempt on the part of the abdominal wall to return the
intra-abdominal pressure to atmospheric pressure. It must
not be thought that this return of the pressure to normal
in any way vitiates the value of pneumoperitoneum in the
treatment of intra-pulmonary disease; it might in fact be
put forward that the rise of the diaphragm, which is the
essentially desired therapeutic effect, is in great measure
& similar effedt to that already described for the abdominal
wall, each of the two fibro-muscular sheets relexing and

bulging away from the centre of the abdominal cavity.-

(4) (b) Visceral changes.

(i) The liver: 1In every case there resulted a
degree of ptosis and fluoroscopy revealed & liver suspended
between gaseous bubbles. A degree of rotation of the organ

is commonly seen, but only in one patient did this ptosis

and/
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and rotation become gross; it was remarkable that there
were no concomitant symptoms. In such an example of
course the ligaments became visibly stretched. While it
cannot yet be said that in this case there was & complete

return to nommal, since the girl is still continuing with
treatment, in others it was found that there was complete

restitution after treatment had ceased some time.

(13)

(ii) The Stomach: Banyai and Jurgens state that
the stomach takes up a more transverse position during the
course of a pneumoperitoneum. FProbably for this reason
Alexander recommends artificial pneumoperitoneum to offset

~the dyspepsia which so often follows interruption of the
left phrenic nerve. In one of the wfiter’s patients it was
found necessary to examine the gastrointestinal tract
radiologically after & barium meal had been ingested. The
opportunity was taken to investigate the statement already
attributed to Banyai and Jurgens, but the radiologist and
the writer saw little other than slight ptosis of the
stomach.

(iii) The cardiovascular system: By reason of
the central position which the heart occupies, and since
the central tendon on which it rests moves but little,
the heart was not found to be positionally altered in any
patient. Similarly few changes of any nature could be
observed in the blood vessels. It would be thought that
the/
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the abdominal distension of an artificial pneumoperitoneum
coupled with the tight abdominal binder, mentioned in a
previous chapter, might have caused interference with

the venous return from the vessels joining the inferior
vens cava, particularly in its lower extremities. The
loss of, or at least the diminution in the pump-like suction
or action of the diaphragm which would result from its
lessened movement would be expected to aggravate this
condition. Hugheg65§§63f the opinion that in children,

at least, diaphragmatic action is of great importance in
the venous return and has shown that a tight binder applied
over the abdomen and lower ribs caused & measurable and
noticeable increase in the volume of the lower limbs.

It would appear that neither of 'these factors play such an
important part in the circulation of the adult at least
under the conditions imposed by a pneumoperitoneum. The
writer investigated the possibility in ten patients.

The lower limbs wefg measured before, during and after a
large refill, and in no instance was the measurement during
or after insufflation greater than that recorded before the
commencement of this investigation. A fixed point, 3 inches
below the tibial tuberosity was selected to measure the

L]
alterations in the circumference of the leg. At the same

time/
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time pre-existing varices and haemorrhoids were made no
worse by the abdominsl distension and increased intra-
abdomingal pressure. Ricei gi%?%relli in nine instances of
pneumoperitoneous showed that the veﬁous pressure dropped
half an hour after an insuffletion and remained at this

low level for an interval of 24 hours.
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PART TWQ.
A GENERAL REVIEW OF COLLAPSE THERAPY.

THE AIMS OF COLLAPSE THERAPY.

In order to appreciate fully the pecuiiar though
limited scope of pneumoperitoneum it is desirable to
review in brief the aims and aschievements of.the treatment
of pulmonary tuberculosis. First let it be said that the
author's éeaching and training have been augmented by
considerable personal experience and all have confirmed
that no form of collapse of diseased lung tissue can replace
the generalised benefits of & sanatorium life for those who
suffer from other than insctive pulmonary tuberculosis.
Whenever there is the slightest tendency for tuberculous
lesions to spread, collapse methods in ever increasing variety
and ingenuity must be regarded as enhancing this routine of
hygenic rest. Where, however, the intrapulmonary mischief
is the late result of destructive tuberculous processes,
it may be conceded that collapse alone of some form or
other will to some extent restore the status quo ante; and
in feet it is axiomatic that many of the late results of
pulmonary tuberculosis would gain but little from the
maximum of bed rest and the optimal nutritional and climatiec
circumstances. It is not out of place to state here, that

pneumoperitoneum/
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 pneumoperitoneum shows its greatest value in the first class
of patient and can confer practically no benefit for those
in the second group. The specific indications will however -
be formulated later.

From what has been said it is obvious that
poeumoperitoneum can never be a substitute for a well planned
thoracoplasty either complete or apical, with or without
fasciolysis. ThoracoPIastiegB7)are par excellence operations
which aim at the obliteration of cavities, the relaxation of,
stressed fibrous tissue and the replacement of mediastia
drawn over by old standing disease. They are operations
which in general take their place late in the therapeutic
programme of tuberculosis. Only rarely have they been done
where the disease in the affected lung was yet wholly or
very active, and significantly when so done, the end results
are not good. Finslly from their very permanence their
success depends on the degree and activity of any disease
in the contralateral lung. While the presence of some disease
in the better lung is not a contraindication, it is still at
least in & majority of opinion that when present it should
be reasonably certain that it will either become rapidly
quiescent or if already inactive remain so; and those who

best know tuberculosis are the most cautious in giving such

an/
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en optimistic opinion. He would be rash who would say
that bilateral lobectomy for persistent cavities will
have no place in the advance of thoracic surgery, since
it seems established already in America.4 as a reasonable
measure where only one lobe is affected.

Extrapleural pneumothorax can probably be the
most selective of all forms of collapse therapy. Its

(125) (106)
comparatively recent revival at the hands of Brock, Roberts,
(116) (125)

Sellars, and others recalls the work of Tuffier in 1893,
Baega)in 1913, and others, in their attempts to achieve
localised adequate collapse or localised compression. Those
workers in common with the present day thoracic surgeons
realised the disadvantages of collapsing large areas of
very vital healthy lung to achieve the adequate relsxation
of those portions affected by disease; this realisation has
greatly widened the scope of pulmonary collapse in tuberculosis.
It is now a recognised procedure to combine two forms of
localised collapse in the too frequent bilateral lesions
provided that sufficient healthy tissue is left to maintain
adequate respiration. fatients submitting to these combined
procedures must of necessity have considerable powers of
recuperation, and the rare mental attitude which either
actively through their set purpose to recover, or passively
allows thém to survive psychically unscathed the strain of

repeated operative interference. They are, on the average,

people/
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people who have gone a long wéy to stabilisation before seeking
treatment, but who in the presence of gross toxaemia would
have been poor operative risks for even such a relatively
simple operation as extrapleural pneumothorex. Nevertheless
this is an operation &hich, simple measures having failed,
can and does so benefit & patient that the resultant
improvement allows him to qualify for more radical and finite
procedures at a later stage of his treatment; and while the
late results of extrapleural pneumothorax are not so well
established as those of the more common intrapleural variety,
there are sound reasons for believing that in many instances
it effects healing. The writer's innate caution suggests
that its indications are only now becoming clarified, and

the number and variety of its early complications yielding
only now to growing experience.

Of artificially induced intrapleural pneumothorax
relatively little need be said. Its‘worth in innumerable cases
is proved. In its perfect form, the collapse that it produces,
causes uniform concentric relaxation of the diseased lung,
and so ailows young fibrous tissue, formed as a result of
the patient's inherent ability to heal, to mature to its
safe permanent maximum contrection. Under its influence
cavities diminish and with perseverance close and remain

closed, and thereby removes the risk of secondary infection,
homolateral/
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homolateral ég contralateral spread and haemoptysis and

its sequelae. There can be few more satisfactory experiences
than to induce and maintain & 90% collapse in a diseased
lung when the remaining lung is radiologically and
clinicelly free of microscopic disease. But the writer
craves indulgence if he stresses what has been said
represents én ideal all too seldom seen even in the ideal
unilateral lesion. It is admitted that the number attaining
effective collapse is greatly increased by section of adhesions
and by combining intrapleural with extrapleural pneumothorax,
but inveriably in & large sanatorium a considerable number
of the one time excellent pneumothoraces have eventually

to submit to major surgery for one reason or another. If
these results are so for the ideal patient, it follows that
conditions are much worse for those in whom the ideal
indications are not satisfie?; and in the same dialetic vein
one reaches a group of patients in whom, pneumothorax having
been only partially successful, their condition has not been
so improved as to warrant the putting into effect Alexander'g5)
dictum thet having decided on collapse it must be attained

by progressive measures in inevitable sequence. Of the
various forms of bilateral pneumothorex interval or

simultaneous - volumes could be written of its indications

and its failures. The people who show the theoretical

indications/
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indications for this line of treatment still form the bulk
of the average tuberculous hospital population, together
with those for whom even the most enthusiastic opefator
would hesitate to recommend any form of collapse therapy.
It is from among those unfortunates that the writer feels
that here and there some could be treated by pneumoperitoneum,
who improved by it, would pass on to more raedical and
admittedly more satisfactory forms of collapse.

Nothing has so far been said of operations on the
phrenic nerve, but in its effects on the lung asbove it,
interruption of the phrenic nerve has many points of
similarity to pneumoperitoneum. Phrenic interruption of a
‘temporary nature is probably the safest primary operation
in a programme aimed &t the control of a tuberculous lesion.
The minor character of the operation with its $" - 1"
incision, about one finger‘s breadth above the sterno-
clavicular joint, with the centre of the incision over the
lateral border of the sterno-mastoid muscle, the absence.
of a general anaesthetic, and its non-repetitive character
make it a less faxing introduction to the surgical treatment
of surgical tuberculosis than possibly even pneumothorax,
which can readily be induced later if temporary phrenic
paralysis fails to achieve the desired results. ﬁowever,
phrenic paralysis can scarcely be thought suitable for the

type/
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type of patients who form the basis of this thesis, as will
be shown later. For them any phrenic operation would
require to have béen bilateral and, if not permanent, at
least effective for a very long period. The literature of
bilateral phrenic parelysis is relatively small, and
certainly some of the results have not Ueen very encouraging.
Fishberé47)quoting Brauer states: "I know of patients who
had thus been operatgd upon and who succumbed in great
misery". Alexander in his "Collapse Therapy"™ says "It
seems to me that the indications for permanent bilateral
paralysis must be very few; I have never seen a patient for
whom I felt it was indicated". Coheé29)and Willauer published
their results in eleven cases, & number which constituted

& larger group of cases than had been reported in the
literature up till that time. Having crushed the first
nerve they injected a small amount of novocain (0.5%) into
the second nerve and observed the patient for at leést
twenty minutes before crushing the nerve. In two of the
eleven cases there was sufficient dyspnoea to warrant
discontinuing further attempts at diaphragmatic paralysis.
O'Shaugnessz(rgl)published his results in four cases in which
evulsion of both phrenic nerves had been performed. One
patiént became definitely worse but three patients began to

(41)
show improvement. Dunner —reports a case of suffocation

that/
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that ?cc§rred when both diaphregms became elevated.
42
Duryea  contributes a case in which he successfully
performed this operation just after post-partum. By means
of this operation he believed that he counteracted the
harmful consequences which resu%t grom the sudden descent -
32
of the diephragm. BEugenio Curti  performed bilateral
operation at one sitting in five of his six cases and his
results were:-
One patient, the only one in whom exairesis was
performed developed dyspnoea and tachycardia
and died ten days after operation from
cardiac failure.

One patient died three months after operation
with intestinal tuberculosis.

One patient lost sputum one year after the
operation and felt slightly dyspnoeiac on
walking fast.
In two patients there was considerable improvement.
Only one patient was slightly improved as a result of the
operation. From the above results bilateral phrenic
operstion should not be hastily advised and the writer can
only but conclude that such an operation attains its
greatest and safest therapeutic results in conditions which
are not essentially tuberculous in origin as, for example,
(20,54,118,119,120)
in five cases of post-encephalitic spasm of the diaphragm
which appear to have been successfully treated by this

operation/
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operation. The writers state that none of the post-
encephalitics suffergd unusual dyspnoea, but this result
is not surprising when it is remembered that they started
with healthy lungs and had no atrophy of the accessory

muscles of respiration which often accompanies tuberculosis.

THE INDICATIONS FOR PNEUMOPERITONEUM,

From what has already been said, in the short
review of collapse therapy, it must be obvious that
pneumoperitoneum must be considered only after other forms
of collapse have been rejected. Those who live and work
in a modern sanatorium will realise that while even in a
rate maintained institution, such as Robroyston Sanatorium,
the number of patients suitable for pneumothorax, thoraco-
plasty and allied procedures may reach 33%, yet there is
left a great number who -by reason of the extent of their
disease, or of the failure of the originally planned
procedures, are considered unsuitable for the unquestionable
advantages of collapse therapy. ZFor those too often the
prospect degenerates into periods in and out of sanatoria,
till the ultimate bresk up which results in permanent
confinement to bed. It is no purpose of the writer to
discuss their treatment; too ofien he feels that those
people recéive courses of gold, treatment with tuberculin
and whetever may be the local enthusiasm of the‘period.

No one working in & sanatorium can have failed to see that

the/
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the phthisical patient is on the whole an intelligent being,
if perhaps his wit and increasing knowledge of his illness
are often wholly selfishly arrested to his own benefit.
Certainly there is ample evidence that those who do not
receive collapse measures realise:soon that their lot is a
precarious one. No better are those in whom the simpler
collapse measures have failed. It is from these‘pe0ple,

the advanced and rejected, thet one selects some whom the
writer believes benefit from pneumoperitoneum.

The comparative immunity enjoyed by phthisical.
patients during pregnancy is a phenomenon familar to those
who have observed a large number of cases. No less striking
is the acute exacerbation of the disease which so frequently
follows labour. Consequently the early workers in
arfifiéial pneumoperitoneum were induced to try this form
of treatment in pulmonary tuberculosis when they observed
the beneficial effects which & pregnant phthisical woman
derived in the latter months of gestation. The problems of
the reciprocal relations between pregnancy and tuberculous
disease have been widely discussed, though some might say
that they have not yet been satisfactorily studied. For
many centuries, ever since the days of Hippocrates,
physicians have stated that pregnency ameliorates the
disease in the female tuberculous patients, and some like

Cullen/
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Cullen (1712-1790) even recommend marriage for tuberculous
girls. This view, of course, would not be tenable nowadays,
but it illustrates the remarksble effect which pregnancy,
especially in the latter months, has on a phthisical subject.
There are many other writers who speak in a similar vein.
Fishberé48)states: "I have seen numerous pregnant women

with progressive and far advanced lesions go through the
long months of pregnancy and die soon after delivery, but
I have not seen one die before delivery". The combineg78)
writers state: "That pregnancy exerted a beneficial effect
on women suffering from tuberculosis. The women seem to
have & period of improved health throughout gestation.

They put on weight and looked very well. It was realised
that such women often succumbed to tuberculosis soon after
the end of pregnancy". When one analyses both these
quotations, one is struck forcibly by the fact that
pregnancy in the latter months has not an aggrevating
influence on the tuberculous process in the lungs but that
soon after the termination of a normal confinement diastrous
exacerbétions of active tuberculosis‘occur. How the pregnant
uterus is able to influence beneficially the patient with
phthisis is still a very difficult problem and why the same
patient should become progressively worse at the end of
pregnency must, until further satisfactory data is provided,
be/
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be & very complex problem. A possible explanation for

both these observations is offered in the suggestion that
advaneihg pregnancy results in an elevation of the diaphragm
similar to that following & phrenic nerve crush, while the
deleterious effects that follow normal lsbour msy be

explained by the sudden removal of the beneficial effects

due to the elevation of the diaphragm. Men like O'Shaugness§73)
appear to be much of the same opinion for he states: "It is
justifiable to assume that pregnancy in fair economic
circumstances has no aggravating effect on tuberculous
lesions; in fact, the elevation of the diaphragm in the later
stages may be beneficial by causing some diminution in the
volume of the lungs. But lsbour, owing to the great strain
involved and the sudden descent of the diaphragm,.probably
does influence unfavourably the course of latent or
progressive tuberculous lesions in the lung. A history of

a recent confinement should therefore prejudice in favour

of a diagnosis‘of progressive pulmonary tuberculosis".
Crocke£30)lends support to this theory when he recorded the
influence of the increased intra-abdominal pressure which
occurred during pregnancy on the lung lesion. He states:
"The increased pressure acts on the lung like an artificial
pneumothorax, or & phrenic avulsion operation which causes
the diaphragm to rise up into the thoracic cavity. The
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pressure created is selective and is effected on the
diseased areas; particulerly, the elastic tissue of the
healthy lung resists pressure until the non-elastic diseased
tissue is fully compressed. When labour takes place, &
change occurs of the utmost importance from the point of
view of the lung lesion and the patient's health. The
pressure relieved, the lung expands again fully and the
fibrous tissue enép§su1ating the diseaséd areas is relaxed
or ruptured. As a result tubercle bacilli are liberated
from the various foci, and may be disseminated in the
lung tissue or may be distributed to distant parts by the
blood or lymph stream". |

Pursuant to this opinion it was thought that support
might be obtained by performing pneumoperitoneum on advanced
bilateral disease. The aim of pneumo-peritoneum is to
imitate the mechgnical effectélpfo&uced by the pregnant
uterus in the latter month of gestation.‘ Pneumoperitoneum
can produce & similar but better elevation of the diaphragnm
with limitation of the amplitude of the diaphragmatic
excursion, and if this treatment be supplemented by & phrenic
crush on the worsé side, then & greater and more valuable
amount of pulmonary relaxation can be obtained. The
diminution in lung volume must be greater than is usually
appreciated as the elevation of the diaphragm occurs at the

base/
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base of the broad thoracic cone.

This volumemetric diminution must be a decided
advantage for it tends to nullify the dreg on the lung
lesion which necessarily occurs during inspiration and,
the sscent of the dieaphragm, which is & natural result
of pneuﬁopefbtineum, relaxes the pleuritic adhesions at
the base,vas well as any fibrous bands which are present,
not only at the base but also extending upwards towards
the apex of the lung. The gaseous interchange in the lungs
becomes diminished, and the circulation of the blood and
lymph retarded. By this stasis within and about the
lesions the infection has a fair chance of remaining local-
ised. The lung may be regarded as being in a state of
partiel rest. The diaphragm, which remains elevated as a
result of the sair pressing upwards on its peritoneal concave
surface, becomes after some months thin and atrophic, and
offers very little resistance to the intra-sbdominal pressure.

This upward unimpeded force of the abdominal
pressure mekes coughing easier and more productive and as
a result the patient coughs less frequent, the amount of
sputum diminishes and changes in character with improvement
of the lesion. As stated in & previous chapter, the writer
in an attempt to increase the intra-abdominal pressure still
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further has employed a tight abdominel binder as a co-
adjuvant to pneumoperitoneum and pneumoperitoneum plus
phrenic crush. On the basis suggested by the preceding
paragraphs the writer would suggest that pneumoperitoneum
would prove of value in the following conditions. It must
be emphasised again that the operation in no way replaces
adequate sanatorium treatment and does not prohibit the use
of ancillary measures such as chrysotherapy.

(a) Extensive active pulmonary tuberculosis,
bilateral with severe toxaemia.

The author doubts if many of the ardent advocates
of artificial pneumothorax would consider this form of
collapse therapy in this type of case. The application of
pneumothorax to & lesion such a&s that envisaged in the above
title is to be deprecated for when the disease is active and
extensively bilateral, adequate collapse of both lungs is
apt to produce so much dyspnoea that treatment has to be
abandoned. In the chronic type of lesion, bilateral collapse
is better borne because of the presence of adhesions which
restfict the degree of lung deflation and the great danger
of disseminating the disease to the remaining healthy lung
tissue is greatly diminished. However the degree to which
the lungs may be collapsed without gross signs of dyspnoea
hes always been a matter of great wonderment, and in view
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of this experience many people would feel they were

justified in advising a bilateral artificial pneumothorax

even in the above type of lesion. The writer confesseg/

he fails to see what variety of bilateral pneumothoraxﬁ
could be administered to the patient with acute extensive
bilateral pulmonary tuberculosis with much toxaemia without
endangering life.

The term bilateral artificial pneumothorax is very
often loosely employed to denote any one of three principles
used when subjecting both lungs to collapse therapy by
artificial pneumothorax. The essential difference in the
principles is the stage reached in the treatment by
collapse of the first lung befo;e pneumothorax is commenced
in the opposite pleural cavity. Thus an "initial
simultaneous bilateral artificial pneumothorax" signifies
that the second lung is induced a few days after the induction
of the first lung. This type of bilateral pneumothorax
would be reserved for the subacute type of bilateral lesion
with not too considerable damage of the lung tissue. As a
matter of fact, "initial simultaneous bilateral pneumothorax™
appears to have fallen into disfavour. The more usual
principle adopted is the "intervel simultaneous bilateral
artificial pneumpthofax", which is more widely used. By
this method an interval of some months is allowed to elapse

between/
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between the induction of the first side and the second
side. This type of bilateral pneumothofax, in the writer's
opinion, is highly serviceable and often very effective
but not in the acute extensive lesion with toxaemia, for,
when the pneumothorax is induced and maintained on one

side for many months, the other side will soon show the
effects of strain. Pneumothorax of this variety is
specially applicable to the subacute type of lesion in both
. Jungs with healthy lung tissue left to maintain the
respiratory function of the lungs. 1In an acute lesion,
such as that described above, when & pneumothorax is induced
on the one side there is initially in this homolateral side
a generalised collapse affecting the whole surface of the
Jung, and as a result the patient becomes dyspnoeic since
there is very little healthy lung parenchyma in the contra-
lateral side. The lesion in this lung would tend to become
aggravated and would endanger constitutional symptoms
leading to a fatal issue. "Successive pneumothorax", the
third principle, is not strietly speaking a bilateral |
pneunothorax for the lung collapsed is allowed to re-expand
before-pneumothorax treatment is begun on the opposite
lung. This type of bilateral ﬁheumothorax is reserved
usually for the case in which there is some fibrosis in

the contra-lateral lung, and this state of affairs naturally
does/
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does not exist in the acute bilateral lesion with toxaemia -
& very definite contra-indication to & successive bilateral
artificisl pneumothorax.

The ideal in bilateral cases is to obtain a
selective collapse in both sides so that the diseased
portions of both lungs are collapsed and the healthy portions
maintain their functions. Parry Morgaggé)was the first to
suggest that a partial pneumothorax would produce the same
results as & complete one by resting the diseased part.

He pointed out that during inspiration the normal parts of
the lung e§pand against the chest wall, so that a small
quantity of air in the pleural cavity would tend to collect
over the less expansive or diseased portions. This type
of selective bilateral artificial pneumothorax is specially
applicable to the local apical lesion, but it finds no

| application in a lesion which is widespread throughout
both lungs as in the acute bilateral case of ﬁulmon&ry
tuberculosis with toxaemia.

The value of specific remedies, as an alternative
method of treatment to pneumoperitoneum in an scute bilateral
lesion, would find very few supporters. There are two
preparations which have been widely used in tuberculosis,
and which, the writer feels, deserve some recognition at
this juncture. They are tuberculin and gold preparations.

Workers/
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Workers in tuberculosis are unanimous in their opinion
that there is no specific drug for tuberculosis like
quinine in malaria, sulphapyridine in pneumonia. On the
value of tuberculin there are opposing schools of thought.
There are those who regard it as useless; those who regard
it as & panacea; and those who regard it as & placebo for
their patients. The writers on the subject of tuberculin
are innumerable, opinions and results regarding its place
in treatment, prevention, and diagnosing are conflicting,
but be that as it may, it is generally accepted that acute
tuberulous lesions in the lungs with toxazemia are very
definite contra-indications and that the vaccine has its
most beneficial effect in the chronic type of lesion.
Bandelier and Roepke, who did much of the early work in
tuberculin, state that "definitely progressive forms of
disease need not be considéred for tuberculin treatment,
nor is much to be expected in the cases of advanced
processes where much destruction of lung tissue has taken
place".

Gold therapy is much more popular than any of
the other so-called specific drugs. It certainly does
not produce the sterilisatio magns in men or animals that
was claimed in the early days of its re-introduction by
Mollgarg??) It is toxic and can produce severe reactions
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and complications and yet in some cases it appears to do
good. In scute cases gold salts may aggravate the condition
and if used at all should be given in very small doses.
It is generelly agreed that patients, who have chronic
pulmonary tuberculosis and who are failing to improve or
becoming slightly worse under simple routine treatment, do
in many cases show & remarkable improvement as soon &as
they are given gold, (Burre§§§? In Robroyston Hospital
gold therapy is mainly reserved for the above type of case
and as a valuable adjunct to other methods of treatment
as, for example, artificial pneumothorax on one side with
disease on the other side. The gold is given with
pneumothorax to treat the contra-lateral lesion, acute
tuberculous lesions with gross fever being a very definite
contra-indication. This seems to be in agreement with
Holger Mollgard'gSS)view for he states - "In more advanced
cases sanocrysin treatment must, owing to its whole
nature be perilous, while in the more seriously sattacked
patients it will offer only a slight chance of recovery."”
Rest, hygiene and good food have been the time
honoured and traditional therapeutic triad for a great
many years. They have withstpod the test of time, rest
being the most important of them. No surgical procedure
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yet introduced in the treatment of tuberculosis has been
able to dispense with this standard method of curing
tuberculosis with rest. The application of the principle -
of rest remains the same. Pneumo-peritoneum is to be
regarded simply as an extension of the principle of rest.
Both must work together in order that the bodily defences
are conserved and asugmented.

A temporary phrenic nerve crush plus an artificial
preumothorax might appear on paper an excellent alternative
to pneumoperitoneum, but when this form of treatment is
suggested one must not lose sight of the fact that, in the
type of case under ‘consideration, both sides are actively
and extensively involved and if a pneumothorax has to treat
one of the diseased sides, it must be a very complete
collapse on that side. The success of a phrenic nervé
operation on the other side may be attended by some
complications. In the first instance the surgeon may not
be successful in crushing all the accessory fibres of the
phrenic nerve in which case the effectiveness of the
operation is greatly reduced. Ageain, a temporary phrenic
crush may prove in the end to be a permanent crush in which
case the vital capacity is permanently reduced in the homo-
lateral side, and if the artificial pneumothorax proved to\
be ineffective after some months, any radical surgical
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. procedure at a later date, if the patient's condition
improved sufficiently, would be influenced prejudicially
by this form of treatment.

Rest alone in the acute bilateral lesion leaves
too much to chance. These patients cannot afford to wait
too long. It is qﬁite true that in some instances
improvement does occur, but again many of them go rapidly
downhill. It is admitted that the prognosis in tuberculosis
is most difficult to assess for one is dealing with a
lesion which is subject to natural fluctuations in
severity, and sometimes shows the strongest tendency to
spontaneous healing under an ordinary hygienic regimen,
but it seems a pity that when pneumoperitoneum disturbs
the petient so little, and when there is a chence of the
latter deriving some benefit from this therapeutic measure,
that it should be denied the patient. One great advanteage
of pneumoperitoneum, which should be mentioned here, is
its revocatory principle. Air cen be given to the patient
in gradual doses, e.g. 300 ccs., and if this is tolerated
well by the patient, then this‘amount can be increased,
but once there are signs that the air is not being borne
well, it can be withdrawn from the abdomen or left, for
small amounts are very quickly absorbed from the peritoneal
cavity.

Pneumoperitoneum/
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Pneumoperitoneum with complete rest, in the writex's
opinion, offers the patient with the acute bilaterel chest
lesion, the best possible chance.

(b) Bilateral pulmonary iuberculosis, in which an
artificiael pneumothorax has been attempted, but for one
reason or another has failed.

In theory at least there would appear to be meany
combinations possible to replace the failed pneumothorax
and with the improving technique on chest surgery, it may
be expected that the various combinations will be
increasingly employed. The application of these double
procedures is however limited firstly by the presumed
amount of healthy lung left to function, - and frequently
this'would appear to be little; secondly it must not be
forgotten that the results of the planned operations are
influenced by the complications of each. Unquestionsably
properly chosen bilateral procedures will give better
results in those patients in whom the disease is relatively
limited, but in the type of lesion visualised by the writer
and frequently encountered, there is often much granulamstous
infiltration round and below the older lesions. Many there
are who would suggest double phrenic interruption but from
what has been already discussed in a previous chapter it

is a procedure which can scarcely be regarded as encouraging.
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Done a&s a unilateral operation, it goes only a very little
way to solving half the problem. If the nerve be
interrupted permanently, by section or exairesis, the
chances of & successful thoracoplasty in the future are
je0pardiseé?8)and if done py crushing, the operation
probably will have to be repeated, if, as sometimess happens
the nerve recovers its conductivity.

In the writer's experience pneumoperitoneum should
be considered in every bilateral case where there are
present advanced lesions more or less equally distributed
and unaccompanied by considerable activity either round
them and below them. The lesions should be so extensive
that effgctive collapse, and this does not of necessity
infer complete collapse, of the lesion will be impossible
by reason of the greatly reduced vital caspacity that it
would occasion. It is not suggested, and it has in fact
already been denied in this thesis, that pneumoperitoneum
will go a long Way td closing cavities present. It will
however do much to reduce to gquiescence the exudative
disease in either of both lungs, which offeis such a
handicap to the thoracic surgeon. Once this more recent
soft mischief hes been eliminated, it may be found that
much less extensive thoracic collapse will be required to
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attain cevity closure. In some cases the performance of

& closely selective extra-pleural pneumothorax will achieve

this end, and in some small but locally drastic thoracoplastic

opérations will be necessary. LEverything points to a revival

of direct drainaggjs)of cavities and the suthor visualises

many cases in the future being treated by this procedure

coupled with pneumoperitoneué?07)

(c) Active pulmonary tuberculosis, artificial pneumothorex
having been tried and failed.

The activity and distribution of the lesion in
this group precludes any preference for the more radical
measures; at least in the early stages. Surgical interference
ié reserved for a much lster date when the achievements of
the minor procedures have been successfully fulfilled.

These attainments are (1) the restriction of the progress
of the disease (2) the disappearance of much of the
exudative process in the lung, and (3) a lessening of the
activity of the infection. The least severe and revocable
measures should be adopted first. No doubt the sanguine
supporters of the doctrines of pneumothorax form of collapse
therapy would recommend this procedure in the more
extensively diseased lung. They would also supplement the
pneumothorax with a phrenic operation on the contra-lateral
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side. The writer most certainly agrees with these
principles and from his own personal experiences could
produce evidence to justify their value. While
appreciating the advantages of this combined form of
collapse therapy he is aware nevertheless of certain
disadvantages associated with this procedure. The vital
capacity, for example, is always in danger of being
seriously reduced by (1) the pneumothorax causing an
exacerbation to the contra-lateral lesion, especially in
the hands of the inexperienced (2) the inebility of the
surgeon to assess and even control the rise in the
diaphragmatic dome.

Theoretically a selective bilateral artificial
pneumothorax would meet the demands of the lesion in
question. This therapéutic recommendation is difficult to
obtain. Air tends to rise and this physical property
abrogates the clinical application of a selective
pneumothorax to & basal lesion.

Despite the reluctance of the medical profession
to accept departures from traditional therapeutic orthodoxy
the writer feels justified in recommending artificiél pneumd-
peritoneum as one method of treating the lung lesion under
discussion; in assessing this procedure as an alternative

method of treatment to artificial pneumothorax supplémented
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by phrenic nerve operation the following points are

worthy of consideration:-

1.

(4)

The treatment is simple, revocable, less severe to
the patient and the rise in the diaphragm is always

under the operators control.

The procedure treats both lungs at the same time and
besides helping to control a spread from the basal
lesion it contributes towards the final arrestment
of the disease by permitting more radical measures

to be adopted at & future date.

The treatment combines well with other therapeutic

measures.

In one instance the writer applied the principles

of pneumoperitoneum to the type of lesion under

discussion. The results were most satisfactory.

Tuberculosis of the lungs in the puerperium.

These would seem ideal cases in which to advise

pneumoperitoneum. The air in the peritoneal cavity would

replace the mechanical benefits derived from the enlarged

uterus during the latter months of pregnancy.

(e)

Pneumoperitoneum used to stahilise and enhence the
value of a phrenic crush.

Pneumoperitoneum/
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Pneumoperitoneum can maintain and keep elevated,
often at a higher‘level, the dome of the hemi-paralysed
diaphragm, c.f. X-ray plate No. VI.

(f) Arrestment of haemorrhage.

The author has applied pneumoperitoneum to
four cases of haemoptysis with definite success in one
case; three of these patients died, indirectly as a result
of the haemorrhage; a widespread broncho-pneumonic
dissemination of the tubercle bacillus had occurred hefore

the bleeding was arrested.

(g) Emphysena.

The relationship between the intra-pleural and
intra-peritoneal pressures are reversed in emphyseme.
Pneumoperitoneum by causing an increased intraperitoneal
pressure adjusts the disequilibrium between the intra-
thoracic and intraperitoneal pressure and the patiént
- obtains relief from his dyspnoea.

In emphysema, a condition exists in the chest
in which the very voluminous lungs become too large for
the bony thoracic cage. The lungs keep the diaphragm in
a position of almost full inspiration and as a result the
latter contracts very little, if at all. The chest
expands to a barrel shape but & limit is reached when no
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further distension occurs no matter how great the
respiratory effort. Thus the lungs become imprisoned as
it were in the bony cage; the vital capacity of the lungs
becomes reduced; and finally, the respiratory demands of
even slight exertion cannot Be met without distress.
Sudden relief from this constriction of the lungs is felt
as a great relief. The Germans, about twenty years ago,
~gave much attention to devising operations which would

overcome the mechanical defects, and at the same time,

(52)
f&cil%tati the patient's breathing. Thus, Freund and
115
Seidel advocated an operation which included the

severance of the costal cartilages. They hoped by this
operation to relieve the highly positive intra-thoracic
pressﬁre. The popularity of this operation has now
waned, for the severance of the cartilage is really
illogical in that it permits the already stretched alveoli
to stretch still further. The observations that patients
with advanced emphysema assumed positions which compressed
the ebdomen as, for example, leaning forward, led to the
development of belts? which the patients could tighten and
which would increase the intra-sbdominal pressure and give
the patient relief.

In the writer's opinion, pneumoperitoneum would
suit this type of case admirably, for the intra-abdominal
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pressure could be increased as desired, the patient would
be more comfortable at night aé well as during the day,
and would not require to wear a very tight and irksome
belt, whose power of increasing the intra-abdomingl
pressure was very limited. It would only be necessary
for Pneumoperitoneum to be administered once per week
or once a fortnight, and a greater diaphragmatic elevation
would be obtained and more constantly masintained over
longer periods of time.
The mechanism is quite simple and quite logical.
The suddenly increased intra-abdominal pressure is
directed upwards against the flattened diaphragm which
is pushed up into the thorax towards the position of
relaxetion. The lungs becomé forcibly deflated in part,
and as a result the diaphragm is no longer held down in
the position of contraction or full inspiration. Piaggﬁg?)
Blancho and Ciammi cleim excellent results from such
treatment but the writer has not so far had the opportunity
of treating emphysema on these apparently sound principles.
What has been written on the indications for
pneumoperitoneum cannot cover all patients and all varieties
of lesions; each patient must be treated as an individual.
On the rough indications given the writer's

patients are divisible as follows:=-

(a)/
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(b)

(e)

(a)

(e)

(f)

(&)
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Extensive active tuberculosis, bilateral with
severe toxeemia.

Bilateral pulmonary tuberculosis, artificial:
bilateral pneumothorax having been tried and failed.
Active pulmonary tuberculosis, one side extensively
diseased and one side having mainly & basal lesion.
Tuberculosis of the lungs in the puerperium.
Pneumoperitoneum to stabilise or enhance phrenic
paralysis.

For the arrestment of pulmonary haemorrhage - other
meaéures having failed or plainly contra-indicated.

For severe pulmonary emphysema.
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PART III

TECHNIQUE OF ARTIFICIAL PNEUMOPERITONEUM.

(1) PREREQUISITE FACILITIES.

If, as is usually the case, when pneumoperitoheum
is instituted the patient has active bilateral pulmonsary
tuberculosis, bed rest with careful and skilled nursing
should be prescribed. It is perhaps redundant to raise
the question whether a patient should be treated in her
own home or in en institution. Treatment in home is not
to be recommended, for the intimate knowledge of the
patient required by the physician for the successful
application of treatment can be obtained only as a result
of supervision in a well run sanatorium. The necessary
discipline can seldom be effected in the family "circle”
and contact infection must not be ignored. Yet there
are patients who seem to raise strong objections to going
into a sanatorium and in such cases the physician may be
obliged to carry out pneumoperitoneum at home. If it
were decided to perform the operation at home then the
author sees no technical objections to the patient receiving
this form of treatment. The question of X-ray control
probably arises, but this is actually not an unsurmountable
'problem, as there are many portable X-ray sets on the market

which/
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which meet the requirements excellently.

(2) EQUIPMENT.

The pneumothorax apparatus is suited ideally
for pneumoperitoneum. The writer used the Lillington
Pearson apparatus, in which there is a manometer graduated

émpirically, the limbs of the U-tube containing methylated

spirit. There are two adjustable bottles which can be
raised or lowered to regulate the hydrostatic pressure.
The rubber and glass tubing connecting the bottles are
arraﬁged so as to permit siphonage in either direction{
Other accessories which make up the equipment are -
hypodermic needles, serum needles, procaine 2%, sterile
towels, surgeons' gloves and gowns, spirit eand tincture

of iodine.

(3) PRELIMINARY STEFS AND PREPARATION OF THE PATIENT.

Patients receiving this form of treatment are
usually in bed and in & hospital or sanatorium. Aseptic
lprec&utions should be taken as for any other surgical
procedure. The surgeon should scrub his hands under
running weter for 10-15 minutes, then rinse them through
1:60 carbolic acid lotion before drying them with &
sterilised towel. Rubber gloves and sterile gown should

be worn by the surgeon. There should be & small table or

stand/
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stand near the bed for the Lillington Pearson apparatus,
and another covered with a sterile towel on which may be
placed sterile hypodermic syringe, connecting tube with
adaptor for needle, and any other sterile articles
required. A package of sterile sheets should bé at hand
for draping the patient. An assistant to actuate the flow
of air is a great advantage.

Preparation of Patient. The patient should be

given & light breakfast, the bladder emptied, and an enems
administered. If the patient should have & very troublesome
cough a sedative may be given. Rehberéloz)quoting Werwath
recommended that prior to insufflation of the peritoneal
cavity the patient should be fasting and the intestine
empty; an intestinal tube should be introduced one hour
before the commencement of the pneumoperitoneum to remove

intestinal gases if the procedure be thought to be

effective.

(4) THE OPERATION.

In Robroyston Hospital the patients are given
the tréatment sitting up. This position according to
SalkiﬁllO)is about the only one that can produce elevation
of the diaphragm. Steps are taken to remove, as far as
possible, any feeling of apprehension on the part of the

patient/
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patient. Thé local anaesthetic must be adequate, so as
to obviate reflex movement on the part of the patient

and also to avoid unnecessary pain. Any site in the
enterior abdominal wall would apfear to be sultable for
the introduction of air. Fremmel, for example, chose

a site just lateral to left Rectus Abdominalié and
immediately below costal margin. This area has the
advantage of not overlying any particular vulnerable
viscus, and the proximity of the ribs permits the skin

to offer some resistance to the needle, thus preventing
the former being pushed in front of the latter; this
resistance is particularly welcome when the abdominal
wall is flaceid such as one is aft to find in the thin
multiparous woman. Other workers 1n.pneumoperitoneum

. enter the per%toneal cavity through the right lower thoracic
region at the level of the ninth intercostal space in the
mid axillary line. They maintsin that, by choosing this
site, the accident of perforating a hollow viscus would

" be avoided, as the liver would be a protection in this area.
In the writer's opinion there is always the danger of
piercing the pulmonary tissue in the costo-phrenic angle
and so producing an air embolism. This danger, of course,
could be obv1&ted by screening the patient beforehand and
marking the level of the diaphragm. Bub1£109)tr1ed to
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avoid the intra-&bdomiﬁal route and suggested ﬁhét in
non~pregnent women the gas or air should be injected by

the intra-uterine route. Lilientha&al}chose the left

lower quadrant of the abdomen. He made a minute incision
in the abdominal wall under & local anaesthetic and passed
a coarse needle slowly through the abdominal wall. A tube
leading from'én oxygen receptacle was fixed to the needle.
The former had a cotﬁon filtering chamber between it and the
receptacle. This filtering chamber was merely a glass tube
fitted with cotton wool.

In this series of cases the writer selected a
spot midway betwéen anterior superior spine and the umbilicus
in the left side of the abdomen, in order to avoid the
normal location of the large intestine. This area is
cleansed with spirit and then iodine, and finally
anaesthetised with two per cent procaine down to the
peritoneum. Having aﬁnexed the rubber tubings to the glass
connections in the Lillington Pearson apperatus, and
joining an ordinary refill adaptor(IBB)to the rubber
~ tubing and attaching & needle 2 ins. in length with & short
bevel, and two terminal openings, to the adaptor, fhe
surgeon is ready now to commence the induction of an

artificial pneumoperitoneum. The needle is passed slowly
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through the abdominal parietes, sudden and jerky movements
being avoided. It happens sometimes that the skin in the
’abdomen is too lax over the left iliac fossa region and
the needle seems to push the skin in front of it. This
may be prevented by fixing the skin between the index

and second fingers of the left hand and passing the needle,
using the right hand, between the fingers of the left hand.
The patient may be asked to grip the skin in the left
flank and pinch it. This helps to make it more taut and
facilitates the entrance of the needle through the skin
and the abdominel wall. On account of the high negative
pressure in the pleural space it is easier to gauge when
the needle is in this space, than when it is in the
ebdominal cavity. The presence of the needle in the free
peritoneal cavity, as stated inaprevious chapter, can be
recognised by:-

(1) The lack of resistance felt when the needle enters
the coelom; (2) the ease with which the air passes along
the needle; (3) the gurgling sound produced by the air in
the cavity, exciting a wave of peristalsis in the bowel;
(4) the patients may state that they feel the air going
into the sbdomen; (5) following the injection of 200 c.c.
pain is felt often in the shoulder or in the epigastrium;
(6) the manometric oscillations will be observed by the
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operatdr.

; The manometer readings at the first insufflation
give sometimes no indication of the position of the
needle, for as often as not they are neutral. Even when
readings are present they are not reliable. They are
small and highly positive and they are pradoxicel as
compared with those noticed during the inhuction of a
pneumothorax, in that during inspiration the pressure
reading is more positive than during expiration. When
the induction or refill is completed, it may be found that
the final mean pressure is actually lower than that measured
‘at the commencement, always provided that it had been
possible to measure this at the ouﬁset. In these cases
fluoroscopic examination may reveal an elevated atrophied
atonic diaphragm, high up in the thorax. When the patient
at the end of the insufflation inspires fully the high
negative intrathoracic pressure causes the diaphragm to
pass into the thorax, and as & result the peritoneal cavity
increases in size and the pressures fall slightly. When
the needle is passed just under the diaphragm into the
-peritoneal cavity, the manometer readings are often
negative and large and they fluctuate with respirationms,

but inversely to those of the pleural cavity. This explains
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why accidental pneumoperitoneum often occurs, especially
if readings at the last refill were positive. The
operator may inadvertently pass the needle through the
diaphragm, and since the manometric readings are negative,
or slightly positive, he may be under the impression

that the needle is in the pleural space. A careful watch
on the readings during inspiration and expiration might
help in some cases to clear up any doubt in the mind of
the operator. After inflations of large amounts of air
into the coelom, the respiratory variations might differ
by only 1-2 cms.(spirit) pressure. An atmospheric pressure
might be recorded at the termination of such a refill. 4
Salki£110)has reported similar observations. "He regarded
this finding as being due to the physiological process
called abdominal accommodation which has been discussed

in the chapter entitled "Mechanism of Pneumoperitoneum".

It may be asked wherein lies the value of pneumoperitoneum
if the pressure in the abdomen is eventually atmospheric?
Thié; however, does not influence thé efficacy of pneumo-
peritoneum whatever. What is of concern is the elevation
of the diasphragm and the limitation of the amplitude of the
diaphragmatic excursibn which occurs, and the benefits
which a patient derives from such & procedure. Fluoroscopy
reveals the splinting action which occurs as a result of

the/
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the upward pressure of the air on the diaphragm. In this
series of cases it has been always a routine procedure

to apply a very tight binder after the completion of an
injection. This, besides tending to force the air up
under the disphragm helps to keep the intra-abdominal
pressure positive. In those patients who have much
subcutaneous fat in their abdominal wall it is usual to
find higher positive end pressure readings, than among
those patients with thin lax parietes. Occasionally the
pressure readings are high at the beginning of an insufflation.
This may be due to the presence of the needle in the
peritoneal space or the irritative effect of the air on the
peritoneum. - Whatever the cause in the thin patient, the
pressures fall towards the end of the inflation but in

the case of the obese subject the pressure remains high

throughout the operation.

(5) MAINTENANCE OF PNEUMOPERITONEUM.

Patients receiving pneumoperitoneum are given
bi-weekly insufflations of air (500-700 c.cs.) for the
first 2-3 weeks of their treatment. Since the peritoneﬁm
is a very large ébsorbing area large refillé are necessary.
It must be evident that the pressure readings give no idea
how much air is present in the peritoneal cavity. The
only method of gauging the effect of the air in the
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peritoneal ce¥ity is obtained by frequent fluoroscopic
examination. The elevation of the diaphragm is the only
guide.  Some authorities have attempted to give rough
estimates; for example, Salkigllogtates that a total air
space above the liver of 10-12 cms. denotes 600-800 c.cs.
of air and that the maximum liver dullness disappears at
300 c.cs. ‘This latter observation has not been the
writer's experience; in this series of cases injectioné of
’500-600 c.cs. of air were necessary to cause disappearance
of the hepatic area of dullness. ‘
Five patients received & phrenic crush operation
in addition to pneumoperitoneum. The object in doing the
phrenic operation was to produce maximum relexation on the
worse side.“»A patient who receives a phrenic nerve
operation is instructed to lie on the contra-lateral side
to the operation, so that the air in the peritoneal cavity
is forced up beneath the hemi-diaphragm of the worse side,
where greater elevation of the diaphragm is required. The
side on which the patient reclines derives some benefit,
for not only does the air under the dome of the disphragm
on the homolateral side give rest to the lung on that side
but the posture adopted by the patient limits the movements
of the chest on that side. The writer's reason for
preceding pneumoperitoneum with & phrenic crush was to
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demonstrate the fact that pneumoperitoneum could enhance

the elevation of the hemi-diaphregm achieved by the
interruption df the nerve. X-ray plates taken shortly

after the operation showed the diaphragm to be only slightly
raised, and radiographic examination after the administration
of a pneumoperitoneum showed the disphragm to be elevated

at least 2 ins. and the rise to be progressive ( Cf. X-ray
plate No. VII).

Just how long & pneumoperitoneum should be
meintained is a matter on which no definite statement can
be made. If the continuance of refills over two or three
months makes a patient less comfortable and gives no
symptomatic relief, the pneumoperitoneum should be
abandoned. Similarly, if, in a patient who is making no
progress, ' nor actually deteriorating, and average refills
of 500-700 ces. fail to raise the diaphragm, there is
little to gain by continuance of the treatment. It can
_ be remarked however, that in common with other forms of
treatment the abandonment of & pneumoperitoneum is often
the commencement of a rapid decline, much of which is
unquestionably due to the despair which the move initiates.

Among those who do well, the duration of the
treatment is often a matter of some difficulty. The object
to be kept in view is the clearing up of the exudative
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lesions which prevent more permanent steps being taken.
S0 soon as this is achieved serious consideration should
(33) (107)

be given to the questions of cavity drainage and localised

thoracoplastiec operations.

(6) COMPLICATIONS OF ARTIFICIAL PNEUMOPERITONEUM.

In the writer's opinion, the hazards attending
this surgical procedure are more theoretical than practicael.
Eight hundred and fifty air inflations of the peritoneal
cavity have been administered in the pfesept series of cases,
and, but for one case which terminated fatally, the
complications have been of & most trivial character.

Since no study of artificial pneumoperitoneunm,
however, would be complete without some reference to
the complications, trivial or serious, potent;al or real,
the writer proposes to discuss this section ugder the
following schematic representation:-

Complications.

(1) Occurring during the administration of an
ertificial pneumoperitoneun.
(a) Pain referred to the shoulder or epigastri%c
region.
(b) Local rigidity of the abdominsl wall.
(c) Emphysema - (i) Abdominal
(ii)/
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(ii) Mediastinal
(d) Air Embolism.
(e) Dyspnoea.
(f) Perforation of Viscus.
kg) Sudden death - cause unknown.
(2) Following the administration of an artificiel
pneumoperitoneun. |
(a) Ascites
(v) Abdominal adhesions.
(c) Peritonitis.

(d) Pleural effusions.

(1) (a) Pain referred to the shoulder or epigestrium.
Pain of a dull aching character, not fluctuating

in intensity, was a constant feature during the initial
insufflation of air into the peritoneal space. It became
manifest when about 200 ces. of air had been introduced
into the coelom, and persisted 2-4 hours. In no.instance
did the writer administer morphia or other opiates to
alleviate tgis pein. Simple analgesiéc preparations such
as acid salicylate, grains X, proved quite effective in
giving the patients relief. The enstomical distribution of
the pain was confined to one of two areas, namely the
shoulder region or the epigastrium. Not one of the writer's
cases complained of pain simultaneously in both areas.

The/
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(26)
The experimental work of Capps eand Colemen has done

much to explain the origin of this referred pain. The
results of their investigations have been described in
the chapter entitled "Anatomy of the Diaphragm"

During the induction of an artificial pneumo-
peritoneum the tension of the air beneath the diaphragmatic
domes causes pain to be felt in (a) the shoulder region
when the centrél area of the diaphregm is stimulated or
(b) the epigastrium when its periphery is stimulated.

This referred pain is absent during subsequent inflations;
the diaphragm appearing to become less sensitive after the
initial inflation. There is also an embryological basis to
explain the anatomical distribution of the paim but this
has been discussed already under the section "Embryology of
the Diaphragm" and no further reference need be made to it
at this juncture. The majority of pallents complained of
pain over both supraclavicular regions. Those who received
a phrenic merve interruption prior to the induction of the
pneumoperitoneum complained of pain only over one shoulder.
About 15% of patients stated that they felt pain in the
epigastrium. In none of these cases was there any evidence
of gestric disturbances.

(b) Local guarding of the Abdominal Wall.

During the administration of an artificial pneumo-

peritoneum palpation of the muscles over the site of entry
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of the needle reveals some slight guarding of the abdominal
muscles. This is due to the irritation of the needle and
disappears when the needle is withdrawn.

(c) Emphysema.

Burgical emphysema of the abdominal wall was
observed in 2 cases. It was of no great consequence and
was reCOgniséd by the localised swelling and the presence
of crepitations to the examining hand. The patients
tolerated it well and made no special complaints. There
was no reason to discontinue treatment because of the
presence of this complication. The needle not being in
free communication with the _peritoneal space was the cause
of this emphysema. Once it was recognised, the clips to
the manometer were closed and the needle was made to pass
deeper into the abdomen until contact was made with the
coelomic cavity. This state of affairs was recognised by
lthe air passing more freely along the needle and also by
the fact that the ingoing air did not cause the localised
swelling to be increased. In no instance did surgical
emphysema appear after the completion of an insufflation.
The writer can assume consequently that coincident with the
remqval of the needle, the aperture made in the peritoneum

during the procedure, was sealed over almost at once.

Mediastinal Emphysema.

Since there are openings in the diaphragm to
permit/
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permit the passage of the oesophagus and large vessels,

it might be thought that this complication would be a
fairly frequent occurrence. The writer in the present
series of cases nas never noticed this complication during
or after an artificial pneumoperitoneum. Other workers
like Banysai ang;B)Jurgens have been less fortunate. They
heve reported that out of a series of forty-two cases,
mediastinal emphysema was observed in seven cases. ~The
right hypochondrium was selected by them as the site to
administer the pneumoperitoneum. The mediastinal emphysema
which occurred was recognised by the following symptoms -
pain in and around the larynx accompanied by hoarseness,

a choking sensation, coughing and dyspnoea. They ascribed
this complication'as being due to (1) The air in the
abdominal cavity passing up through the oesdphageal opening
in the diaphragm to the mediastinum, or (2) the periphery
of the diaphragm being pierced by the needle with the
result that the air passed along the basal parietal pleura

to the mediastinunm.

(d) Air Embolism.

This complication should always be borne in mind
when the right hypochondrium is chosen as the site for the
entry of the air into the coelom.. ‘When the needle is
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introduced below the ninth intercostal space, the pulmonary
tissue in the costo-phrenic angle might be perforated
and the patient might die from an air embolism. The writer
in choosing the left iliac fossa for the air insufflation
precludes this complication.

(e) Dyspnoes.

Breathlessness occurred in one of the writer's
cases. This complaint was observed towards the termination
of & large insufflation (1000 cecs.) and it persisted for
ten to fifteen minutes after inflation. The patient, a
girl, obtained relief when the foot of the bed was raised.
The writer is of the opinion that adoption of the
Trendelenburg position favoured the disposition of the air
from the diaphragm towards the pelvis. The resultant
reduction in the tension beneath the diaphragmsatic domes
being followed by a disappearance of the dyspnoeic sympfoms.

(£) Perforation of & Viscus.

This complication is always & potential danger
especially if the patient has a plastic type of abdominal
tuberculosis. It was & great danger when pneumoperitoneum
was employed in radiological work as e.g. the diagnosis of
carcinoma of the bowel or kidneys. It can be obviated in
the case of a therapeutic pneumoperitoneum by allowing air
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to pass along & wide bored needle while the latter is
being introduced into the coelomic cavity.

(g) Sudden Death - cause unknown.

One patient died suddenly during the administration
of a pneumoperitoneum. The cause of death in this case
was not known since permission for an autopsy was not
granted. The patient had been receiving treatment for
6 months and was responding well to it. At no time during
or after treatment did she make any compleint. On the day
of her death she appeared quite well. During the administration
of the pneumoperitoneum there was no doubt in the operator's
mind regarding the position of the needle in the peritoneal
space. Since this was a well established case there was
felt & lack of resistance as the needle reached the coelon,
the manometer readings were excellent being + 8 cms.(spirit
+ 12 cms.(spirit) and there was no obstruction to the flow
of air along the needle. The patient had received 100 ces.
of air when she felt some slight abdominal pain, became
pale, and lapsed into & state of unconsciousness from which
she never recovered. The cause of death in this case must
reme.in obscure. The petient had not received enough eir
into the abdomen to produce any great alteration in the
accommodation of the endothoracic structures; Peritonesl

shock was regarded as being the cause of death but the writer
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was never fully convinced of this diagnosis when he
recalled that (1) adequate local anaesthetic was given to
obviate pain, (2) the patient was & well established case
and peritoneal shock was more likely to have occurred
earlier in the course of treatment, (3) if -the peritoneum
wes unduly sensitive on that fateful day, the shock would
have occurred (a) when the locel anaesthetic was being
given (b) when the wide bored refill needle perforated
the peritoneum, (4) if the ingoing air was the cause of
the cétastrophe then its action must have been delayed for
the patient had received 100 ces. before the calamity
occurred. The writer felt justified in dismissing an air
embolism as & causative factor since (a) the inflation was
given in the left iliac fossa at some distance from the
large pulmonary veins (b) the patient never complained of
chest paih, (c) there was no evidence of convulsions.

(2) (a) Ascites.

- (26)

Certain workers have noticed free fluid appear
in the abdominal cavity during a course of therapeutic
pneumoperitoneum. - They state that it may have been caused
by the air setting up an irritation of the peritoneum.

This complication has not been observed in the present
series of cases.

(b) Abdominsl Adhesions.

In/



-91 -

In one case the writer suspected that abdominal
adhesions had developed. The patient, in question had
been receiving large refills 1000-1500 cecs. for more then
& year when it was observed that only small refills could
be tolerated. The patient began to complain of some
localised abdominel pain in the left iliac fossa after these
small refills and the manometric pressure became very
highly positive. Fluoroscopic examinstion revealed tﬁat
the diaphragmatic domes were becoming less well elevated.
In view of (&) the high positive readings (b) the pain
during smell refill, (c) the poor elevation of the diaphragm,
this therapeutic course was abandoned. In this case the
writer believed that the air in the abdominal cavity
engendered the formation of fibrotic adhesions which
interfered with the free flow of air into the coelomic cavity.

(¢) Peritonitis.

A rigid aseptic ritual must be observed to
. abrogate this serious complication.

(d) Pleural Effusion.

In 2 instances a small unilatersl basal effusion
occurred. The presence of this small coliection of fluid
did not upset the patients nor was the course of the
pneumoperitoneum discontinued because of it. The writer

very much questions the connection between the pneumoperitoneum
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and the presence of the pleural effusions but since
these complications occurred in 5% of cases he feels
Justified in mentioning them. Thé factors operative in
the production of pleural effusions remain still very
obscure. In the writer's opinion a better understanding
of their production resides in & fuller understanding of
the pathogenesis of pulmonary tuberculosis, a discussion

of which is outwith the scope of this mdnograph,
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PART 1IV.

THE RESULTS OF TREATMENT.

(1) Standards emploved in the mssessment of cases:

It is a notorious fact that in clinical medicine,
it is frequently a matter of opinion whether or not an
individual patient is, or is not, improving; and it may be
said without fear of correction that in the more chronic
illnesses any statement of prognosis may or may not prove
correct. Tuberculosis is probably beyond question just
such & disease, if one excludes it on its more acute and
more immedietely deadly forms; its periods of quiescence
and its exacerbations have long troubled the less
experienced who would attempt to give & prognosis. Perhaps
to these and allied facts one can sattribute the growing
numbers of criteria of healing and of standards of inactivity.
It is not without significance that the Ministry of Pensions
recommended that no case be regarded as arrested till a
period of three years has elapsed with total freedom from
symptoms.

Each practitioner who treats pulmonary tuberculosis
has his own set of measures by which he judges the onset of
improvement and its maintenance, and his summation of his
data merge imperceptibly with experience into a less

tangible but even more reliable yardstick which one recognises
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as clinical experience. He does, however, take notice
constantly of certain factors; and in a large sanatorium
these factors are those normally recorded for him by his
staff of nurses and technicians. In this series the writer
has used some of these clinical date in an effort to _
support his impressions that this patient has improved or
‘that deteriorated. ILater in this work will be found a -
table which attempts to present in summary form the results
of his treatment. It cannot, however, be out of place to
state and explain whaf standards the writer has adopted
before attempting to measure his success or failure by them.
They a;e:-

(90)

(a) Temperature Records. In the Trudeau

Sanatorium a temperature of 99°F in men and 99.6°F in women
on three of seven consecutive days is evidence of activity
in a known tuberculous person. Pottengegga)has pointed out
that elevations‘up to 99.5 F. has per se no significance in
some persons. In advanced phthisis, such as was present in
most of the members of this series, one is justified in
accepting defervescence as evidence of reduced toxasemia and
the msintenance of a normal temperature range as possible

evidence of the increasing stebility of the lesions.

(b) Tachycardia. A very similar case can be made

out for the pulse record, taken st rest as an index of

activity./



- 95 =
(49)

activity. Some writers maintain that it is even more
reliable provided factors lisble to upset it, apart from
tuberculosis, are excluded.

(c) Records of Weight Gain or Loss. It is possible

to attach too much importance to the increase of weight
demonstrated so frequently by patients in a sanatorium.

In the‘writer's opinion this gain should be considered
satisfaectory only if it is recorded ofer many months. It
carries additional value if records of weights are evailable
which were made over a period prior to admission, but only
rarely are these available. It is felt too, that the rapid
increases of the first month or two offer no guarantee

thet this rise will be maintained. In the cases under
discussion the majority of the patients had been in hospital
long enough prior to the institution of pneumoperitoneum
for this to be ignored, and a gain in weight in these
patients can fairly be regarded as grounds for satisfaction.

(d) Records of Sputum Reised. In advanced pulmonary

tuberculosis a diminution in the amount of sputum raised is
rightly one of these signs of improvement of which even the
patient is aware, and any line of treatment which achieves
such a diminution may be regarded justifiably as satisfactory.
It is not claimed for pneumoperitoneum that it has closed
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cavities, which are the major elements in the production of
sputum, but it does help in the healing of the active
elements which by their breaek down add considersbly to its

bulk.

(e) Bacillaery Content of the Sputum. By modern
standards of public health it is very doubtfui if any patient
should leave a sanatorium with tubercle bacilli still in the
sputum. That such & happy ruling will ever come sbout can
be a matter for no more than speculation. Nevertheless the
aim mast remain to terminate the excretion of bacilli.
Whether or not the presence of bacilli in the sputum connotes
activity of some point of the lesion, is a debateable point,
though & reasonable view would certainly deny such technical
minuteness. In the 40 cases treated during the course of
this investigation, it was realised fully that it was unlikely
that larger cavities would be closed and therefore that a
negative sputum would be attained. Diminution in the numbers
of the bacilli was hoped for as representing an improvement
in the lung lesion generally.

(f£) Vital Capacity. It is commonly accepted that

the collaspse of actively diseased lung does not reduce the
patient's vital capacity but rather by the reduction of
activity and toxaemia it reduces the reflex spasm of the
respiratory muscles and thereby allows more effective
gergtion. 1In pneumoperifoneum any reduction of activify
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achieved is probably won by the progressive rise of the
diaphragm. .As has been pointed out already, the diaphragm
in addition to being raised, becomes atonic and in many
casés immobile. It seems a reasonable presumption to raise
the question as to whether or not these factors, the
lessening activity and the rising diaphragm, may not offset
each other.

(g) Radiology. Very little need be said of the

value of serial radiograms, as an accurate means of assessing
the changes in intra-thoracic pathology. They were employed
very freely -in this series of cases, both to assess the
height of the diaphragm and to follow the effects of the
treatment. They were reported on by a radiologist of great
experience in the reading of chest films, and each report
was made after serutiny of previously taken films.

(h) Blood Picture. In his examination of the

blood the writer included in his investigations:-

1. The blood sedimentation rate.

2. The leucocyte count.

3. The differential white cell count.
4, The Arneth count.

5. The Von Bonsdorff method of expressing
the Arneth index.

6. The estimstion of the lymphocyte
monocyte ratio.
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It will be noticed that the red cell count is
not included but after enumerating the red blood count in
& number of the cases the suthor found that very little
information was gained from this examination. The red blood
counts were almost all within fairly normal figures. It
can be assumed that the numerical changes in blood cytology
characteristic of tuberculosis affects the }eueocytes rather
than the red blood cells. The latter change but little.
The haemoglobin estimations were not carried out in the
cases under consideration in this study, but the fact that
the red cells stained fairly well, with Leishman stain,
suggests that there was on the average little, if any,
tendency to secondary anaemis.

1. Blood Sedimentation Rate: The biological process

of the phenomenon of Erythrocyte Sedimentation is very
complex, and many theories have been evolved to explain
its mechanism. Whilst the latter is not fully understood
evidence is accumulating to show that it is an index of
tissue destruction, the products alter the colloidel
liability of the blood in such a way that the red cells
settle out quickly from the plasma‘(Balphsg%Ol)
Verious methods have been employed for determining
the rapidity of 22?42?dimentation of the red gells.
Fahraeus, in 1918, first reported his technique
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and observations on the rate of sedimentation of the
erythrocytes‘in citrated blood. He found that the blood
sedimentation rate was "increased in all kinds qf infection,
most distinct when accompanied by high fever, in many cases
of malignant tumours and certain species of psychosis etc."
Since his first publication other workers have reported
various modifications of the Fehraeus technique. The under-
lying principle is the same but the results are recorded
differently. Wester;grex(:}%é%}gz):ample, modified the Fahraeus
method and carried out an important series of observations
on the sedimentation rate in pulmonary tuberculosis on 340
male patients at Stockholm.

| The method employed in this series of cases is a
modification of that described by Westergren. As an anti-
coagulent & 3.8% aqueous solution of sodium citrate is used
of which 0.4 c.é. is pipetted into a small test tube which
has & level marked 2 c.cs. With the usual aseptic precautions
2 c.cs. of venous blood is withdrﬁwn from the median basilic
vein and added to the citrate solution in the test tube
until the now citrated blood has reached the 2 c.c. mark on
the test tube. The latter is agitated but not too vigorously
to avoid producing & foem. The remainder of the blood in

the syringe is used to count the white blood count, make &
film for the Differential Count, the Arneth Count, and the
Von/
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Von Bonsdorff Count. The citrated blood is drawn up
into one of the serological pipettes graduated in 200
millimetres. The pipette is then placed in an upright
position. Readings are taken every fifteen minutes for
one hour. These represent the number of millimetres
of clear plasma above the level of the erythrocytes,
i.e., the measurement is taken from the lower edge of the
meniscus of the free surface of the liquid to the upper
bOfder of the corpuscles. The results of these readings
are recorded graphicelly, in a maenner very much on the
same lines as that used by Cutle§?4’l%§g tests were made
under fairly standard conditions, for example, the patients
were in bed, and the blood wes teken at the same time
each day. One of the fundamental difficulties in evaluating .
the significance of the sedimentation rate is the lack of
unsnimity of opinion regarding the maximum figures in ~
normal persons, but the writer hes assumed the maximum
figures as follows:-
Males - 8 m.ms. Females - 10 m.ms. and 12 m.ms. during
menstruation. |

2. Leucocyte Count: As already pointed out, the
blood taken for the white blood count in the series was
acquired by aSpiration from the median basilic vein. This
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blood is believed to be less subject to variations from

local conditions than extruded blood by the stab method.

The white count in some instances showed a slight leucocytosis
throughout the course of treatment.

5. Differential Count: Thin blood films were

méde and stained by Leishman stein. The cytological
examination was done using the oil immersion lens end
intensifier. The classification of cells was according
to the teaching of Pine§96)in his "Clinical Atlas of Blood
Diseases". From this count the writer was able to watch
the variations in the lymphocyte monocyte ratio. At the
commencement of treatment in many cases the ratio indicated,
& poor prognosis and in those which showed some resistance
to the disease probably as a result of treatment the

lymphocyte monocyte ratio clearly illustrated the improvement

that was teking place.

4, Arpeth Count: A promising method of cytblogical
study was proposed by Arneté in 1905. This count is really N
one of the oldest methods of investigating the blood, in an
endeavour to find some aid to the diagnosis and prognosis of
tuberculosis. The Arneth count depends on the lobulation of
the nuclei in the neutrophile cells. Arneth recognised five
groups according to the number of lobes in the nucleus of
the neutrophile cell. He, in studying the neutrophile cells,
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concluded that an estimate of the maturity of the cell
could be drawn from ﬁhe number of nuclei, and in the
.cellular reaction to tuberculosis he noted that there
occurred & high proportion of immature cells and that this
was gfeater the more severe the infection. In health the
addition of the first and second groups give the index 40,
In tuberculosis the ratio of these cells is increased, that
is to say the index rises. This rise is known as "a

shift to the left". In this series of cases the writer
observed a change in this index in those patients who
responded well to.the treatment. ' '

5. Von Bonsdorff Count: This is the sum of

the nuclei in one hundred neutrophiles. The five groups
according to Arnéth classification are added and the Von
Bonsdorff figure is obtained by multiplying the percentage
number of lobes in the neutrophile in each class by the
number of the class. Two hundred and seventy five is
regarded as & fairly normal index. In advanced pulmonary
tuberculosis there is a "shift to the left", the count
being well below two hundred and seventy five, indioat22§ a
predominance of immature cells. According to Houghtog
"This count is a relieble index of toxaemia but bears no
relation to the extent of the disease and but a variable

one to activity." There has been a "shift to the right"
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in some of these cases, indicating a lessening of toxaemia
following on administration of pneumoperitoneum. An
additional index which has been applied in all the ceases
is what is called the "Weighted Mean". It gives the
approximate number of lobes in each cell. If one divides
the Von Bomsdorff index by one hundred, one obtains a
figure which gives the average number of lobes in the
neutrophile cells. Thus a fairly normal figure would be
2.75 or even 2.6. An increase in this figure must indicate
& lessening of the patient's toxaemia and certainly an
increase in his natural power of resistance.

6. Lymphocyte Monocyte Retio: The scope of this

work does not permit a discussion on the historical back--.
ground underlying our present day concepts of the role
played by the white cell in tuberculosis. Reports on the
leucocytic reaction to tuberculosis are so numerous that
any detailed account of them is considered unfeasible and
impracticable, but mention must be made of the work by

(31)

Cunningham and Sabin which has produced evidence to show
that in tuberculous experimental animals a great over-
production of the monocyte cell appeared in the circulating
blood. They, thus, considered tuberculosis as a disease of
monocytes. The normal relationship of the total number of
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these cells and the total number of lymphocytes called the
lymphocytes/'monocyte ratio is théreby upset. In their
report they consider this ratio the most important factor.
This same observation has been observed by Mbrri;87)and Tan
in human beings whose prognosis was poor. In such cases
tie lymphocyte/monocyte ratio was reversed, that is, the
monocytes were increased and the lymphocytes decreased.

The ratio tended to\rise gradually in cases showing
improvement and remained high in quiescent cases. The
normal ratio is said arbitrarily to be 3:1 approximately,
whereas, in the group showing progressive disease the ratio
is approximately 1:0.79.

Just as in the case of blood sedimentation rate
the writer has not relied on this ratio solely as the main
factor in determining the prognosis or progress of the‘
patient, but has regarded it rather, in a broad sense, as
one criterion worthy of consideration in meking the final
assessment of the disease when &ll the evidence in

connection with the case has been sccumulated.
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Abbreviations used in Table No, I.

Temp =
V.C. =
C.C. =
B.S.R. =
L:M =
+ =

temperature.
Vital capacity.
Cubic centimetres.

Blood Sedimentation Rate.

-~ Lymphocyte/Monocyte Ratio.

positive sputum alternating
with a negative sputum.
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TABLE
Spuinum Temp. Pulse
+ ve( Maximum Maximum
Age Amount | p.p, - ve| daily daily
No. |Name |[in " ' Range Range
Yrs.|: 0zSs.
ATter|BeforgdAfter || BefordAlter |BefordAfter
98.4 | 97 100 76
l IoCo 19 1 ++ - i
‘ 99 98| 120 84
98 97 |78 80
2 |T.McA (18 1% | +++ +
- 1000 98.4 108 90
98.4 P8.4 (80 80
3 |AMcI{18 2 ++ + ,
99 | 98.4 90 90
97 99 80 90
97 100 84 104
D7 98 88 86
5 (Mrsdef 35 2 ++ +
98 98! 100 90
97 97 80 74
6 | M.Mull18 2 ++ +
- 98 984 84 84
98.4 98.4 |80 80
99 98 120 100
8.4 80 84
99 98 98 88
‘ 8.4 |74 4
9 | R.McP|17 " P l97 9.4 174 7
1 98| 98.4( 80 80
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- NO. I.
_ it Blood Ekamination
V. C. B.S.R. L: M Arneth |Bonsdorff e ik
Cig' Ratio Index Index elght
.C's. N
efo rd AL te r|Pef ordAf ter{Betbre] After |Beforefifter | BebrgifterjBefore] Alter
1500|1800 68 ~48‘ 2: 1} 4:1 2 4 259 | 268 |6 sts 7 sts.
20 2 ’ 7 lbst 7 1lbs

1800|1700 98| 50 {2.8:1]3:5:1 47 | 43 |271 {285 {6 sts| 8 sts.

1131bs
2000{2100f 64§ 58 {1.6:1} 2:1 56 58 252 | 264 |5 sts 6 sts.
: 9 1lbs] 4% lbs.
1400|1400} 48 | 90 |2.6:12:1 | 54 | 50 [190 |205 |7 sts| 7 sts.
5 lbs 3 1bs.

not

220012000} 94 104 |3.1 |2:1 | 64 | 52 {251 |216 Feighed
1900|2000 |l 44 | 16 [2.7:1|3:4:1] 49 | 46 |261 |263 |6 sts| 6 sts.
2 lbs 9 lbs.
18001600 {90 | 66 [1.5:1]2:1 56 54 |236 | 242 §5 sts 6 sts.
1

2500|2300 |1 78 | 22 {2:1 |4:1 50 50 |254 |263 §6 sts 8 sts.
9% 1bs| 5 1bs.
2600 (2600 || 20 {12 |3.3:1]|2:8:1| 44 | 42 {280 |278 Zfﬁs 11 sts.

" - . » S
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TABLE NO. I.
Sputum __Temp. mﬁ:
T + ve Maxnimm Me.ix)i 1
«Be= ve Dai il
No | Name Bﬁﬁgi Ringz,
Befo erlBeforeléfter | Before] After
97 pP8.4 {84 BO
10 | M.Ly. |
98 99 90 86
97 P8 98 B0
11 | M.L. +++ |
99 100| 106 96
. 8.4 B7 90 380
12 | M.D. ++ | +
“ = 100 98.4{ 116 84
' 98.4 97 |84 76
98.4 PBA 86 84
8 PB7 BO 78
14 M.Ma. ++ |+
99| 98.4 96 100
6 6
15 | B.B. |- 7 197 7 7
98{ 98 84 82
8 )
16| A.C. ++ | ++ 7 7P 76
101 98 106 86
98.4 97 |72 80
17 H.Lo. + ++
99| 984 114 88
18| J.M. + |+ 98 99 90 96
101| 1014 100 100
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CONTINUED
Blood Examlnazig_ - u
V. C. B.S.R. L:M Arneth Bonsdorff Weight
Ci%s Ratio Index - Index

Beforg After {BeforgAft ef Beftrd Af't er{Beford After | Befbrg After |Before | After |

1400 | 1400 70 | 34 | 2:1[1.9:1 54 |48 [220 | 240] 7 sts.| 6 sts.

1500 {1400y 78 | 72 | 4:13.6:1 52 |50 [|259 {236 Wbighed
i -
1500 | 17004 94 |72 | 2:1{1.5:1} 26 |32 210 234 7 stg 7 sts.
‘ 1 1b. 6 1lbs.

2400 {2500} 43 |10 [L:5:1] 4:1{ 64 | 39 236 |292 7 stg 10 sts.

9 1lbs.
sts.] 5 sts.
10 1bs., 8 1bs.

| 7 .
2000 {2100 80 |28 | 2:1{2.2:) 42 |46 2451278 (L2 1bs. 9 sts.

1800 {1800 76 {188 |2:14 3:11 50 46 |242 |256 || 7 sts.| 7 sts.
4 1bs | 6 1lbs.
1800 1700 86 | 70 |1.5:1] 2:1 ] 48 54 218 |262 7 sts. 8 sts.
2 1lbs., 9 lbs.

not

wfighed
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TABLE NO. I.
Ilness “ Sputum Temp. Pulse
Dura- , +ve | Meximum | Maximum
No.|Name |Agel ;o s | “WOURt |T.B. T Dail Daily
Month dzs. e Rgz]igg Range
Before [|ifter|BeforgAfter Pefbre Befaepfter |Before| After|
98.4 |97 |76 [74
19 |Mrs.Br|21 | 63 £ 2 |+ " | 98.4]98.4] 80 80
- 98 97 {92 BO
20 |H.McK.| 16 5 1% |13 | +++ |+
100] 99| 119 96
p7 98 |80 |80
21 {M.McL.| 21 3 13 (1% |4+ |4+
98{ 99| 104 108
97 98 |80 80
22 | T.S. |16 4% 2% | 3% + [ %
98| 98| 104 | 104
198 98 98 84
23 Urs.McM| 31 30011 1% |+ |
100| 100| 112 | 110
bs |97 |92 |76
24 |a.M. |20 7 3 . J Y S S
991 97| 104 92
097 |97 |96 BO
25 |Mrs.Mua} 22 5 1 2 | 4 |t
101| 100| 120 104
g 9 0 R4
26 {M.Bn. |19 | 24 2 2 | ++ ++#9 7 ? {
101{ 98] 129 76
P7 97 192 P2
27 |C. G1.{17 8 1 2 |4+ |
99! 98| 118 104
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CONTINUED
Blood Examination
V.C. "
in B.S.R. L:M Arneth  |Bongdores oiet
C.Cs. ' Ratio Index Index v

Beforelfter [Befordift er| Beford After Before|After [BefordAfter Before|After
. 7 stg 9 sts
2400 | 2100] 68 |40 2.7:112.4:1 48 42 1238 | 226 bx le 72 1bs
sts{5 sts.

1300 | 1300f 72 66 1.8:112:1 58 53 | 216 246 1b.}4 1bs.
6 sts)b6 sts.

1200 | 1300}110 | 96 1.3:1}1:9:1 60 64 | 246 { 220 9 1bs|9 1bs.
5 stf 5 sts.

1300 h}OO 106 | 94 1.3:112.7:1 66 56 162 | 216 |9 1bs|{9 1bs.

i b . not

1900 900 36 | 50 1.6:1f 2:1 58 54 216 | 226 weighed
‘ 7 sts|7 sts.

2300 R200 86 | 74 3:1 2:1 48 44 260 | 254 |4 1bs|6 1bs.

not
1600 1500 {1108 {88 [1.8:1{ 3:1 58 64 196 | 210 wejghed

6 sts|8 sts.

7% 1bg 10 1bg

' 7 stsi7 sts.

1800 | 190 52 | 64 |2.8:1 ] 2:1 48 46 244 | 218 |2 1bs| 2 1bs.
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TABLE NO. I.
111nes tum Temp. Pulse
Duratio Amount +ve Mgximum | Meximum
No. | Name |Age in in T.B._ve Daily Daily
Months Ozs. Range Raﬁgg_u__
Beresfter Beford AfterBeford After |{Befordaft er
99 P9 |00 950
28 Mrs.Mo. 23{ 8 2 2 [+ |+t
100 101|{ 120 110
97 {97 1|80 {108
29 | Mrs.H.{ 21 12 1 2 | ++ | ++ o8| 99| 104 120
197 97 80 100
30 |Mrs.Brol.24] 17 2 2 |+ | ++
971 98| 96 124
98 |98 |84 |80
31 Mrs.O'R{ 19| 9 1% 2 M+t |
100; 100{ 108 98
99 (98 76 |80
32 WMrs.Mec 23] 4 3 3 H+ |4+
100{ 98{ 100 106
98 198 1|90 |84
35 | Mrs.C. 27 7 1 {13 [ |
104! 100 124 94
| 8 80 6
34 | M.B. pR1 | 18 3 2 |4+ | ++ ? 7 7
991 98| 98 86
+ 99 po1 |88 100
35 | R.L. PR1 6 1 T | |t
100] 102| 10 112
. 97 |98 {88 {80
36 J)dxs.Da.l.l9 24 4 3 |+ |+
981 104 10Q 104
N.B. QNumbers 37-40:

Pneumoperitoneum induced for
Haemoptysis.
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CONTINUED
Blood Examination
- v .
Viﬁ' BsS.Re | L : M Arneth | ponsdorff Weight
C.(s. . Ratio Index Index
{Befare MberkomAfterBeﬂ) After BeforejAfter [Before] After Before‘r After
not
wgighed
7 sts{ 7 sts.
2300{2200( 88 {94 [L.4:1] 3:1 58 52 1218 226 1lbs 1bs.
not
12001100 Jj110 {100{1.2:1j1.4:1 | 68 60 180 203 weéighed
not
1400|1300} 36 |50 | 2.1 1.2: 56 50 | 226 218 w#ighed
not
weighed
7 sts.| 7 sts.
1500 1500"104 90 | 3:111.3:1 39 50 216 1196 |2 1bs.| 2 1bs.
8 gts.| 8 sts.
3 1bs.| 3% 1lbs.
8 sts.| 8 sts.
1400{ 1300 92 | 86 [2:1 |1.9:1| 48 56 220 20217 1lbs.| 3 1bs,
: 6 sts.
1300{ 14001104 | 96 P.9:1{1.7:1} 58 54 223 214 |9 1bs.| 6 sts.
J 9 1bs.




Ex =
c =
Pl =
Pl.Eff.
B =
L =
AOP. =
Ph. =
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]

Abbreviations used in Table No, 2.

Exudative lesions; unless where stated this
implies a lesion involving no less than the

upper half of both lungs.
Cavity |

Pleural thickening

Small basal pleural effusion.
Right lung

Left lung
Artificial Pneumothorax.

Phrenic nerve operation.
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In view of the extremely variable protean
manifestations of pulmonary tuberculosis and the differences
in the constitutional response to treatment, it is 6lear
that no categoricel statements can be made by the writer as
to which patients will respond to treatment. The basis on
which he has set his standards for the assessment of each
case, in this thesis, has already been discussed in the
opening chapter of Part IV. These standards have been |
incorporated in the tabular representations of the clinical.
effects of artificial pneumoperitoneunm.

| In the cases under review the ages of the patients
ranged between 17 and 35 years, and the duration of the
illness extended over a period of three months to three and
& half years. Clinically and radiologically these patients,
with one exception, suffered from an extensive and exudative
form of bilateral pulmonary tuberculosis; twenty five of them
in addition showed cavitation in one or both lungs. The
general indications for pneumoperitoneum in the series of
cases under discussion have been outlined in a previous
chapter. In five cases pneumoperitoneum was administered
when bilateral artificial pneumothorax had been attempted,
but failed to be established because of pleural symphysis.
It was used also in two cases in which bilateral artificial

pheumothorex/
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pneumothorax hed been ineffectively applied end was being
meintained to the patients' detriment. The general
condition of these seven patients, together with the activity
and distribution of the disease, obviated any immediate
radical surgicel interference. Pneumoperitoneum was combined
with a right sided artificial pneumothorsx in one instance.
A bilateral artificial pneumothorax was attempted, but the
operator was only successful in obtaining & pneumothorax

‘in the right side. 1In order to splint the left lung and
give it some relaxation & pneumoperitoneum was administered.
In four instances pneumoperitoneum was administered as an
emergency measure. These four patients suffered from severe
haemoptysis. Pneumoperitoneum was given as a last resort
(1) because of the general condition of the patients which
gave cause for alarm and (2) since other measures to stop
the bleeding were contra-indiceted. In one instance it
proved very successful. In the remaining patients pneumo-
peritoneum or pneumoperitoneum plus phrenic nerve palsy on
the worse side (5 cases) was in the writer's opinion the
’only active procedure which could be performed. The general
condition of these patients obviated more radical surgicel
measures being performed.

In the period covered by this study, namely, from

November/
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November 1937 to July 194], twenty-fbur of the forty petients
continued to receive treatment in hospital. Two of them were
discharged irregularly. The improvement in their general
condition gave them a false sense of secutity and théy left
hospital against the wishes of their medical attendant. One
other patient was discharged well. The mortality rate in
the forty cases under discussion has been Qery high; sixteen
patients out of a total of forty died. When this high death
rate is analysed more fully one is struck forcibly by the
number of deeths which have occurred in those patients whose
chest lesions were complicated by the presence of other
tuberculous lesions and the low figure that has occurred in
those patients who suffered from & bilateral chest lesion per se.
Seven of those who died suffered from an advanced bilateral
chest lesion complicated by & tuberculous ulceration of the
bowel; one patient in addition to & bilateral chest lesion
sufféred from a tuberculous ulceration of thg bowel plus
tuberculosis of the larynx. The combination of an advanced
chest lesion and a tuberculous ulceration of bowel is regarded
usually as a bad/prognosis. It is reasonsble to assume when
s0 many people suffer from pulmonary tuberculosis and so
relatively few of these patients suffer from tuberculous
ulceration of bowel as a complication, th&t.the latter must

have/.
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have inherently poor powers of resistance, and consequently
fheir outlook must be very poor whatever treatment they
receive. The author sdministered pneumoperitoneum in the
hope that it might serve a dual purpose (1) cause an
improvement in the bowel condition, (2) promote healing of
the chest lesion. These hopes were not realised. Banyagla)
reported similar observations after treating forty-four cases
. of tuberculous enteritis with pneumoperitoneum, he stated
"They all showed & good response except two who died. They
hed advenced pulmonary tuberculosis". This confirms the guthor's
findings. The combination of en advanced chest lesion and a
tuberculous ulceration of the bowel augurs a bad prognosis.
Three of the patients died 2-3 weeks after receiving pneumo-
peritoneum administered to arrest & severe haemoptysis.

It was not thought advisable to continue the treatment

in these patients. They suffered not only from the extensive
lung lesion probably aggravated by the haemorrhage, but also
from the effects of\the loss of blood. Complete rest, in the
writer's 0pinion,‘was the proper line of treatment. The
isolated case which died suddenly during the administration
of the pneumoperitoneum has been discussed already in the
chapter dealing with the "oomplications of pneumoperitoneum"”.
The four patients who suffered from bilateral chest lesion
with no apparent complications had received pneumoperitoneum

for/
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for 2-3 months. They were making no noticeable progress and
treatment was discontinued. Since these patients succumbed
4-6 weeks after the termination of the treatment the writer
was unable to associate pneumoperitoneum directly with the
cause of death in their case. |

Of the twenty-one patients hospitalised, nine
have shown very definite signs of improvement, while in twelve
others, their condition has remained in statug quo. Many
of those included in the latter group could be regarded as
border line cases, but they have not been classified as
"improved" since the sccumulative evidence in these cases
indicated only a slight improvement. Reference to tables
1l and 2, however, shows that these patients had received
treatment for an average period of 6 months and even during
that comperatively short period there was (1) a noticesble
increase in weight in seven patients, (2) the blood sedimentation
rate had commenced to fall, but in only one patient did it
tend to approximate to the limits regarded as being normal,
(3) four to five patients showed that their powers of
resistance hed improved, for the lymphocyte/monocyte ratio
in these cases had increased at the expense of the monocytes.
The Arneth index in one instance returned to normel.

Eleven of the forty patients who were considered as improved
~ had/
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had received treatment for an average period of ten months. ..
In,si; instances the sputum was returned negative, in two
others & positive result kept alternating with a negative
finding, while in the remaining threepatients the sputum
remained positive. Five of these patieﬁts were admitted with
& slight elevation of temperature, but this returned soon to
hormal; the average pulse rate was recorded throughout the
course of treatmegt as being 80 per minute. Measurements of
the vital capacity did not reveal any very important features.
In all of these cases it remained &t & low figure before and
after the administration of pneumoperitoneum. There was &,
slight increase recorded in some of the petients. This
improvement might be explained by & lessening of the toxaemia.
Beaumont16 and Dodds determined the vitel capacity in two
hundred and twenty-three cases of tuberculous diseases of
the,lungs and found that the "diminution of the vital
capacity in pulmonary tuberculosis depends upon the activity
of the disease rather than.the extent of the lesion". Further
confirmation of the lessening of the toxaemia in these cases
was found in the changes in the Bonsdorff index. In four
instances the patients returned & figure of 274 or over. As
an indication of increased resistance 50% of the patients (36)
showed & rise in their lymphocyte/monocyte ratio, an increase
in the lymphocytes being recorded. The Arneth index did

not/
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not fully corroborate this latter finding for only in one

i

instence did this index figure return to 40. !

The influence of pneumoperitoneum on the
radiological reports of the chest was not devpid of interest.
There waé no change in‘thefpatients who died, but in ten
who showed signs of improvement the following results were
observed. In two instances the exudative lesion became
fibrotic on both sides, whereas in two others there was a
disappearance of the exudative lesion in one side. Three
cases were reported "less active" on Both sides, while one
case became "less active™ only on the one side, iﬂ the
remaining two patients the signs of activity were still
present, radiologically.

The value of pneumoperitoneum is also reflected
on the general metabolism of the patient. In the above ten
pPatients an increase in weight was observed in every case.

Symptomatically the patients undergoing
pneumoperitoneum showed an improvement. The act of coughing,
for example, in many‘became much easier and less exhausting.
The amount of sputum became increased in seventeen cases,
although its character remained much the same. These patients
appeared to expectorate with greater ease and were seldom
Sick after coughing. It can be assumed that this is & more
complete emptying of the pulmonary excavations. The cough

became/
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became less troublesome. The diaphragm which formed a
muscular barrier to the expulsive act of coughing was
removed and the whole expulsive force concerned in the act
of coughing was transmitted to the lungs. This means a
more complete evacuation of the lungs of sputum laden with
infection. The alveoli become better drained, and areas

of partial atelectasis have a better chance of re-expanding
and probably resuming their normel function.

Gastro-intestinal upset has not been of great
consequence. There has been no complaint of sickness and in
the majority of patients the appetite improved. The bowels,
with two exceptions, seemed to function quite regularly.

In two cases opening medicine had to be given at fairly
frequent intervals.

Breathlessness has been observed only in one of
the writer's cases with pneumoperitoneum treatment but this
complication was only transientvand soon disappeared. One
of the patients obtained some temporary relief from her
attacks of dyspnoee &s & result of pneumoperitoneum. This
patient's heart was pulled over to the right side of the
chest. The writer believes that the pneumoperitoneum in
this case was able to reduce the tension in the rigid
thoracic cage by its effect on the diaphragm. The strain

on/
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on the heart thereby being relieved.

Slight dyspnoea was relieved in another case but
the mechanism was slightly different for this patient had
much compensaiory emphysema in her chest. Her lung lesion
- showed & bilateral tuberculous condition with marked cavitation
in both sides. There was much fibrosis round these cavities
and in the surrounding lung tissue. Karog?Z)investigated
the relation between emphysema and tuberculosis, and he
stressed the point that & compensatory form of emphysema
is most often seen in tuberculosis; especially if cavitation
be present in the lung, associated with fibrosis. It would
seem from Karol's findings and the fact that this patient
derived some temporary relief from her dyspnoea that‘this
result gave some support to the view that pneumoperitoneum
is of some merit and value in the therapeutics of emphysema.

This patient's tuberculous lung lesion did not seem to

. improve with pneumoperitoneum for the cavities remained

patent. Treatment in this case was abandoned subsequently
because of very high positive readings after a small
insufflation of air had been administered. The writer
regarded these readings as being due to develdping abdominal
adhesions and in his opinion continuance of the pneumoperitoneum
endangered the patient's life.

Psychologically/
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Psychologically the patients are the better of
pneumoPefitoneum. They become mentally brighter. In some
cases this is due to the reduction in toxaeﬁia, while in
others the psycho-therapy value of pneumoperitoneum is
responsible for the mental improvement. This psychic eiement
in the handling of tuberculous patients is very important.

It is rightfully a matter for careful consideration for,

in no other somatic disease is there such an opportunity

for the mind at all levels to exert its influence from the
inception of the malady to its final issue or resolution.

One of the patients, who derived mentel appeasement from this
" line of treatment, continually talked of having "pneumothorax
in the stomach", and believed herself to be no worse off
than the patient in the next bed who received pneumothorax.
The advenced cases are living under a death sentence. Let

us try aﬁd help»them in every way possible to escape from
realising it. Many of these patients could be given many
months of happiness in their tragic misfortune, if more
attention was paid to psycho-therapy. These patients are
more apt to combat successfully their disease if psychological
equilibrium is meintained. The importence of this aspect

in the therapeutics of tuberculosis has been recognised by

(39)

many guthors, thus M. Davies ~states:- "There is some truth

in/



- 127 -

in the idea that will power and the determination of
patients to get better contributes to success”; Pottenger99)
suppdrts this view when he says‘- "He is more apt to combat
successfully his disease if psychologicel equilibrium is
approximated. This requires tieating the patient rather than
the pathological process".

It will have been gathered from this discussion
on the clinical effects of pneumoperitoneﬁm in the forty
cases under review that the writer has selected cases which
would not give the best possible results. In esch case,
with the exception of the patient in whom pneumoperiténeum
showed its effectiveness as an emergency procedure, and who
was subsequently discharged from hosﬁital, the writer applied
pneumoperitoneum to chest lesions which have been advanced,
active and bilatersl, and also in chest lesions which have
presented not only these features but have been complicated
also by tuberculous ulceration of the bowel. Comnsidering
the material which has been selected for the applicatioh of
pneumoperitoneum and the very poor prognosis in these cases

before treatment was started, the writer cannot help feeling

that the results obtained are far from discouraging.
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When pneumoperitoneum was introduced first to
Robroyston Ssnatorium, in November, 1937, the writer's
attention was directed solely to its effects, clinically,
on the patients. The realisation that those receiving this
form of treatment were responding very favourably to it,
prompted the writer to put his investigations on a more
scientific basis. This explains the omission of certain
laboratory exeminations as shown in the tables in & small
number of the patients. From July 1941 until March 1942
the writer'has been confined to bed suffering from an
illness of & severe and chronic nature. This period of
invalidism sccounts for the lack of data pertaining to those
who continue to receive pneumopertoneum. The increased
duties imposed on the medical staff of an Emergency
Hospital and Senatorium during wartime has prevented the
writer soliciting the &assistance of his medical colleagues
in Leboratory and other investigations relating to the
effects of pneumoperitoneumlon those p&tients still receiving

this treatment.
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3. CASE HEPORTS.

A

Types of cases selected for Artificial Pneumoperitoneum

are exemplified by the following clinical notes:-

CASE I.

Patient's Name: I.C. Aet - 19 years.

1. History of Present Illness:

About five months prior to admission to hospital

this patient, a young girl of nineteen years and working

in a bondége store, first began to complain of & persistent
cough which was accompanied by sputum. The former complaint
had no definite diurnal periodicity but the patient stated
that it appeared to be much worse at night, end in fact, on
many occasions her sleep was disturbed because of it. Her
expectoration was never copious and was never bloodstained.

- Night sweats were very noticeable ebout this period, as was
élso loss of weight. Patient did not appear to attach much
importance to the above symptoms and only sought medical
advice when she commenced to complain of intermittent colicky
pains in the\suprapubic region. These pains were not related
to menstrustion and the onset of this did not influence the
pains prejudicially or alleviate them in any way. Patient
maintained that her bowels were functioning gquite normally.
Her medical attendant confined her to bed until her pains

had/
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had subsided before he made arrangements for her chest to
be X-rayed. This was done and the radiologist reported
that she was suffering from active bilateral pulmonery
tuberculosis. Her sputum was examined and the laboratory
findings were in keeping with the X-ray report, namely,

"many tubercle bacilli in the sputum”.

II. Previousg Illnesses:

Patient had no previous illness of & serious nature.

There was no history of frequent colds, pleurisy, or pneumonis.

III. Family History:

One sister was notified as suffering from pulmonary

tuberculosis.

Iv. Examinstion on Admission: 14th May, 1940.

On admission to hospital patient appeared ill and
toxic looking. She was not well nourished. Her weight was
6 stones 7 lbs. Her skin was moist and was very easily picked
up from the underlying tissues. There were mo palpable lymph
glands. |

Examination of the temperature chart revealed the
following:~

Temperature 99°F., Pulse rate 120 per minute,

Respirations 22 per minute.

v./
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V. Exeswination of the Systenms:
A. BRespiratory System:

(i) Inspection:. Respirations were easy and regular

but were not of great amplitude. There was no undue prominence
of superficial veins in the anterior chest wall. Expansion
of the chest was poor over both apices, anteriorly, especially
in the right side.

(ii) Palpation confirmed the fact that the expansion
was poor at both apices, anteriorly and posteriorly, the
right apex appeared to have less power of expansion than the
left. The muscles of the shoulder girdle on both sides
showed signs of atrophy. There was some wasting of the’
pectoralis major in the right side. The sternalvheads of
both sterno-mastoids, on paelpation, revealed increased tonus;
vocal fremitus was not exaggerated.

(iii) Percussion: Percussion note was dull, of slightly

‘higher pitch, and gave a sense of increased resistance over
the right upper lobe. This difference was marked more

+ posteriorly than anteriorly. KroOnig's area was diminished
over the right side.

(iv) Auscultation: The breath sounds were bronchial in

character over the right upper lobe anteriorly and posteriorly,
whereas in the left side anteriorly the vesicular element was
muich in evidence. The whole way down the posterior aspect of

the /
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the chest, there was a prolongation of the expiratory phase
of the vesicular type of breathing. Adventitious sounds
were not localised over any one area. They had a widespread
distribution on both sides. They were of the medium coarse
subcrepitant type and could be heard during both phases of
respirations. Bronchophony was present over right upper
lobe posteriorly.

(v) Radiological Examination: (21.5.40). "Active

tuberculosis of the upper third of the right lung and the
upper helf of the left lung. There are some left sided
basal adhesions". :
(vi) Leboratory BExamination: (16.5.40). The sputum report
was - "Many tubercle bacilli present". '
(vii) Vital Caspacity: 1500 cec.
(viii) laryneeal Exemination: "No abnormality seen".

B. Cardio Vascular System:
(i) Periphersl Circulation: This appeared fairly good.

Patient had a left sided malar flush.
(ii) Pulse: The rate was rapid being 120-130 per minute.
Its rhythm was regular but the volume was poor.

(iii) Blood Pressure: The systolic blood pressure was

118 mms. of mercury; the diastolic blood pressure was 88 mms.

of mercury.

(iv)/
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(iv) Heart:: There was no sbnormelity to be detected |
by the usual methods of inspection palpation, percussion
and auscultation. The heért rate was rapid but its rhythm |
was quite regular.

(v) Blood Picture:

White Blood Count....... 11,000 per c.mms.
Differential Count...... Neutrophils 62%
Lymphos. Elarge; 7%
Lymphos.'(small 1
Monos. 12%
Basophils - 0%
Eosinophils 0%
Lymphocyte/Monocyte.....Ratio 2:1
Arneth Count............ 1. 19%
11. 33%
111. 284
1v 10%
V. 10%
Arneth IndexX......ccvvevevensns ceesesenns ..52
Von Bonsdorff Figure.................. ....259
Welghted MEBN. .. vvvrevneenreenennennnnn. 2.59

Blood Sedimentation Rate = 68 mms. at the end of
the lst hour..

C. Central Nervous System:

Patient appeared very listless. - The knee jerks were
present in both sides. The planter response was flexor in
type. The pupils were equal in size and reacted to light

directly and consensually.

D/
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D. Alimentary System:
Patient's appetite was poor; there was no higtory of
constipation nor diarrhoes.

(i) Buccel Cavity:

(2) Teeth - Many of them showed caries.
(b) Tongue was furred.
(¢) Tonsils showed no enlargement.
(ii) Abdomen: Moved easily with respiration. No
palpable masses detected. There was no tenderness of the

\

abdominal wall.

(iii) Measurements:

Planes: Transpyloric - 13} ins. - inspiration
13 ins. - expiration

Umbilical - 13 ins. - inspiration
134 ins. - expiration

E. Gemito-Urinary System:

- The menstruel cycle was fairly regular being 3-5
days/28 days; the blood did not clot. No pain was experienced
during micturition. There was no complaint of dysuria.

Chemical examination of urine revealed no abnormality.

VI. PROGNOSIS:
The prognosis in this case did not appear very
good as patient was suffering from an active and fairly

s i
extensive/
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extensive bilateral pulmonery lesion which was tuberculous in
nature. This was proved clinically, radiologically and

also by a laboratory examination. She was very toxic on
admission and according to Houghtog?4%he Von Bonsdorff figure
in this case gave an indication of the degree of toxaemia
present, 256, being a much lower figure than 274.
Confirmetory evidence of a poor prognosis was gained from

the lymphocyte/monocyte ratiol The ratio 2/1, instead of

3/1, revealed and signified an outlook which appeared poor
for the patient. Estimation of the rate of sedimentation

of the erythrocytes confirmed the above findings. The
temperature in this case was certainly never very high bﬁt
this observation is not always an indication of the degree

‘of activity of a chest lesion, for a patient may have an
active bilateral chest lesion, and show little or no elevation
in temperature. In the Trudea§90)3anatorium a temperature of
99°F of a pulse of 90 in men, and a temperasture of 99.6°F or
a pulse of 96 in women, on three of seven consecutive days,
not due to any demonstrable cause, is considered evidence of
activiﬁy. This point was emphasised by Krause when he stated:
"It will be a great advance in diagnosis when the generality
of medicel men give up the idea that elevation of temperature

is the chief and most important symptom in pulmonary tuberculosis

or the sine qua non of activity".

VII/
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VII. IREATMENT:

This case was considered &t the hospital clinical
conference. The above criteria were appreciated and a poor
prognosis Was predicted unanimously. It was decided, however,
since many a bilateral lesion, which appeared hopeless on
admission, had improved with & carefully induced bilsteral
artificial pneumothorax, that this form of collapse therapy
should be attempted in this case. Accordingly, about six
weeks after admission to hospital, an attempt was made to
induce the right side. The right sided pneumothorax appeared
initially to be successful, but with each subsequent refill
the menometer readings became more positive, even with small
refills, that it was decided, for the patieht's welfare, to
abandon this form of treatment. So far, patient was not
disturbed in any way from this unsuccessful attempt at
preumothorax in the right side. ©She was given a month's rest
and then an attempt was made in the left side to induce a
~ Ppneumothorax despite the radiologiéal findings releting to
the presence of adhesions. A left sided artificial pneumothorax
was induced accordingly in the left side on 20th August, 1940.
Once again similar complications were met in this side as in
the contralateral side. The refills began with fairly good
negative manometer readings but they becamé soon very positive,
and it was necessary to sbandon this side too, or continue the

pneumothorax/
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pneumothorax and let thé patient run very grave risks.

An intervel bilateral artificial pneumothorax had
been attempted and failed. Accordingly this case, presented
now very clear indications for an artificial pneumoperitoneum
and on the 18th October, 1940, patient received hetr first
insufflation of air, 500 c.cs. being injected into the peritoneal
cavity. This induction of an artificial pneumoperitoneum was
“uncomplicated. Her only complaint was some slight shoulder
pain but this was not of any great moment, and it was relieved
readily by aspirin (gr.x). Patient received bi-weekly refills
of 500 c.cs. for the first fortnight followed by weekly
refills of 1,000-1,500 c.cs.

She made no complaints during these 1afge refills.
Occasionally, when the air was being administered, it was
noticed that her respiratory excursions became deéper when
the 500 c.c. mark waes reached, but there waé no great departure
in her normsl respiratory rate. This feature disappeared when
the refill was completed. One very persistent noticeable
feature of the large insufflations was the increase in size of
abdomen, and the absolute obliteration of the hepatic area of
dullness. When the abdominsl binder was tightiy applied the
abdominal protuberance became less pronounced.

Fluoroscopic examinations were done at varying
intervals to gauge the proper elevation of the diaphragm.

Both diephragmatic domes were seen to be much elevated and

partially/
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partidlly immobile, but not completely immobile. The domes
were seen also to be very much thinned out and atoniec.

The liver and the spleen were outlined very well. These
features were confirmed radiologically (c.f. X-ray plate

No. v).

VIII. RESULT: |

This patient had received artificial pneumoperitoneum
for nine months. Weekly refills of 1000-1500 c.cs. were
given, and there were no complications. On the contrary,
she improved with this form of treatment. She becamé much
brighter. ©She began to sit up in bed, took her food, slept
well and continued to put on weight, one stone was gained
during the nine months' treatment with artificial pneumoperitoneum.
Blood examinations were done at monthly intervals. On page 139
are presented the Differential Counts from which the lymphocyte/
monocyte ratio, the Arneth Counts, and the Von Bonsdorff figures
can be obtained. An attempt is made to represent also the
changes graphically in (1) the differential White Cell Count
(p.141), (2) the blood sedimentation rates (p.142). There is no
doubt that an examination of the changes in the blood cytology,
supported the view that artificial pneumoperitoneum played a
part in improving this patient's power of resistance; under
treatment with pneumoperitoneum this patient, who had an

apparently hopeless lesion became, after a period of nine

months/
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‘months better equipped to stem the onrushing attack of the
inveding host and was able to offer much greater powers of

registance to it.

DIFFERENTIAL COUNT.

Patient's Name: I.C. Aet - 19 years.

Date Total Count Neutrophilg  Lymphocytes| Monocytes |

Total] % | Total % Totel | %
1940

Oct. 10,000 per c.mm 6,000 60 2,600 26 1,400 14
Nov. 13,000 " 8,580 66 2,860 22 1,560 12
Dec. 9,000 " 5,400 60 2,700 30 900 10

1941 . '
Jan. 8,500 " 5,440 64 2,295 27 765 9
F'eb, 11,000 " 6,930 63 3,190 29 880 8
rch { 10,000 " 6,500 65 2,700 27 700 7
pril 7,800 " 4,524 58 2,652 34 624 8
\'g 8,000 " 5,120 2,400 30 480 6
une 7,000 " 4,410 63 2,030 29 560 8

N.B. The Eosinophils and Basophils have been excluded

——

in the sbove table. Their absence explains why some of the

columns do not add up to 100.
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LOBULAR ASSESSMENT OF LEUCOCYTES - DURING TREATMENT.

Patient's Name: I.C. Aet - 19 years.
Date | No. Lobes in each Group Arneth| V.Bonsdorff| Weighted
Index figure mean
1940 | I. II. III. IV. V
Oct. 16 38 28 10 8 54 256 2.56
Nov. 14 36 22 18 10 50 275 2.74
Dec. 14 28 30 16 12 42 284 2.84
1941 .
Jen. | 10 34 36 15 5 44 271 2.71
Feb. | 12 35 38 12 3 47 259 2.59
far. | 14 30 32 14 10 44 224 2.24
April| 10 38 34 15 3 48 263 2.63
May 8 34 32 2 6 . 42 278 2.78
June 7 36 40 16 1 43 268 2.68
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~ :'fegPRgSENTaTION ,
iERENT1Ab. COUNT,
Sle g My -

Charts representing the differential counts are
plotted on the same scale and represent the total number
per c.mm. of each type of cells shown. The number of each
type was obtained by taking percentage (number of each cell
was obtained from the differential count) of the total count.
The writer has accepted arbitrarily as the normal base line
for neutrophils, 5*000 per cmm.,for lymphocytes 2,000 per c.mm.,
for monocytes 500 per c.mm. Points above these lines represent
an increase, and below a decrease of the leucocytes in the

circulating blood at the time the count was taken.
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The above biological changes appeared to be working
in harmony with the clinical picture, for this patient’s
sputum became negative for the tubercle bacilli.

Patients/ s
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‘Patient's temperature remained at 98.4%F, the
pulse rate at 80-90 per minute, and the respirations at
18-20 per minute. Patient looked:well and the malar flush
nbticed on edmission disappeared. The chest signs did not
vary much however. Certainly the dullness was not so marked
over the right apex, but the bronchial character of the
breathing'persistéd. The expiratory phase remained prolonged
in the left side, and the crepitant rales could be discerned
still in both sides. If anything, they became perhaps more
difficult to hear. An X-ray plate taken at the completion of
the‘freatment revealed the following "Disease seems to be
fibrosed, I see no sctivity" (c.f. X-ray Plate No, V).

The persistence of the rales in the chest when other

clinical signs are in keeping with a general improvement is

-certalnly very discouraging, but how much importance can be

attached to these adventitious sounds” Formerly, it was
thought that when the lesion in the chest began to improve
there was & diminution in the numher of and the area over which
r&les‘were heard, and vice versa.l It is now generally accepted .
that the présence of these rales, the most charecteristic

phy91ca1 finding in tuberculosis, may be of little value in -

POrtrqylng the underlying lung lesion and when taken alone
should not be considered as a sign of active disease. The

réles to which the writer refers are the moderately coarse

réles/
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réles known as erepitations. They are regarded now as
atelectatic rfles caused by collapse of parenchymal alveoli
by exudation or infiltretion in & neighbouring lobule; or ‘
by the constfiction:or éonfraction of fibrous tissue; or
by partial occlusion of bronchioles by inflemmatory tissue.
In other words, they are produced in partially collapsed
ﬁore‘or less normal lung tissue, such collapse being produced
by adjdiping tuberculous infiltration. ‘They are not éaused
by moisture, and may persist\for years after clinical arrest
or cure. Heise?z who made 8 study of the relationship of réles
to prognosis, has shown that of one hundred and eleven patients,’
. in whom r@les remained unchanged as to area and character over

& period of six months, 93% showed definite X-ray evidence of

- improvement, 2% X-ray evidénce of relapse, and 5% stationary
conditions in fhe X-ray appearances. Moreover, iéles weie
fouﬂd over a greafer area in ninety-two patients, of whom 71%
showed improvement, 23% X-ray spreads, and 6% remained
stationary. From this'report it appears thet more patients
show iﬁpro#gment with increased rfles than show relapses, and
when rdles develop anew or increase, it does nof follow that

the disease is spreading, for in more than‘three-quarters of

such instances, according to Heise's observations, they are‘
&ccompanied by improvement or a stationery condition in the

r&diologieal/. i
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raediological findings.

In conclusion, it is felt that artificial
preumoperitoneum, combined with rest in this case, has produced
results which cannot be disregarded pasrticulerly when |
treatment was carried out in & patient whose prognosis was
considered hopeless, not only by clinical and radiological
findings but also after certein biological features had been
teken into consideration in the finel assessment of the case,
end also when other forms of treatment were plainly contra-
indicated or unsuccessful id their execution.

-

CASE II.

ient's Name: McA. : Aet ~ 18 years.

1. HISTORY OF PRESENT ILLNESS:

Patient, & domestic servant aged 18 years, étated '
that five months before she was admitted to hospital she
complained of some slight pain in the left side of chest
‘&cecompanied by a short sharp cough. Sputum was present but
it was scanty in amount and was never streaked with blood.
Patient stated that she was easily tired, noticeq she ias
losing weight and that she perspired frequently at night in
bed. Suppression of the menses was also noticed about time;
it appeared to worry her unduly, the chest pain and slight
cough/ o
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cough being subservient symptoms to this disturbance of the
menstrual cycle. Patient eonshlted her doctor regarding

this complaint and during the routine examination hé noticed
that she had a chest condition. She was given a "tonic" and
arrangements were made for her cghest to be X-rayed. The X-ray
report confirmed the doctor's suspicions and the patient was

transferred to Robroyston Sanatorium.

II. PREVIQUS ILLNESS: |
| Pleurisy in the left side in Junme 1939. Né history

of pneumonis.

ITI. FAMILY HISTORY:
Father and Mother well, Brother and sister. wé.l.l. ‘
N6 history of tuberculosis in family.

IV. EXAMINATION ONF ADREISSION" 9th August, 1940;

on admission petient was thin, pale, and toxic look-
ing, Her weight was 6 stones 11%; lbs. Her skin was moist
aEd chilblains were present in both hands, but no obvious
_evidence of clubbing of the fingers was obserfred.’ There was
g‘enera‘lised muscular wasting, and the skin was found to ‘be_
'Qut loosely attached to the underlying structures. Examin@tian '
ff‘“@f the temperature chart revealed the following - |
'ftemperature 98-lOO°F. pulse rate 108 per minute; resplrations
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20 per minute.

V. EXAMINATION OF THE SYSTEMS:

A, Bespiratory System:

Inspection: The respiratory excursion was poor
over both apices anteriorly. Its rhythm was regular; the
rate was not increased unduly; flattening of both iqfra-
claficular fossae or Mﬁhhnheim's fossae, was noticed.

Palpation: The regpiratory excursion was found

@iminished not only over both upper lobes anteriorly but also .

posteriorly. Atrophy of the muscles of the shoulder girdle

and accessory muscles of respiration was noticed; the vocal
fremitus was incrsased over both apices.

Percussion: The percussion note was impaired over
both apices anteriorly and posteriorly. Krdnig aree wes
diminished in both sides.

Auscultation: Breath sounds were bronchial in
character over both upper lobes. Adventitious sounds of
the coarse moist variety were preseht over the left upper
lobes posteriorly, while ra}és of the finer subcrepitant

veriety were present over the right upper lobe. Broncho-

phony was present over both upper lobes posteriorly.

Badiological Examination: (24.8,40) "There is

tubereu1031s of the upper half of the rlght lung and the
whole of the left lung".
Laboratory/ o
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Leboratory Examinstion: (29.8,40) "Sputum contains
many tubercle bacilli". ’ ' ‘
Vital Capaci;i: 1800 c.cs. | *
Laryngeal Examination: (10.8,40) "No abnormality
seen". |
B, gg;dio4va§eular §zstem;

Vasomotor System: Congestion of the peripheral

blood stream was noticed. Patient hed very marked chilblains
on both handé. |
. Pulse: The rate was repid being 110 per minute.
Its rhythm was regular and the volume was fairly good.
Blood Pressure: The systolic blood pressure was
126 m.ms. of Mercury, the distolic pressure being 74 m.ms.
Heart: - no abnormality was detected by the usual

methods of inspection, palpation, percuséion and auscultation.

Blood Picture:

White Blood Count...........13,200 per c.mm.

Differential Count.......... Neutrophiles 62%
Lymphocytes 28%
Honocytes 10%e
Lymphocyte/Monocyte rates............... 2.8/1
Arneth COUBt.....covevnnn.. ) S 18
’ II ¢ 0 s 0 000 b6 8 0 29
IIZ........... 25
IV........... 20
Verrainn, .. 8

Arneth Index..... cresseatess e oes s s . 47
Von/ ‘
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Von Bonsdorff Figure............c.uue. ..271
Weighted Mean........... e eee2.71

Blood Sedimentation Rate 98 m.ms. at the
end of the lst hour, c.f. graph.

C. Central Nervous‘sttemi
No abnormality was detected by the usual methods of

examination. The pupils were equal in size and reacted to
Iight directly and consensuelly. The plantar response was

‘flexor in tyPe.

D. Alimentary System:
| Patient's appetite appeared good.

 Buccal Cavity: Teeth - were in good condition.

Tongue - was not furred. Tomnsils. - were congested slightly.

~ Abdomen: The abdomen moved freely with

respirations.

Measurements: Transpyloric -~ 27%# ins. Inspiration
: ’ 27z " Expiration

Umbilicel .- 25% " Imspiration
26 " Expiration

~

_ E, Genito-Urinary System:

Amenorrhoea Wwas present &t the time of the
examination and for & period of five; months prior to
admission. Chemical examination of urine revealed no
ébnormality. There was no complaint of dysuria nor frequency

of/
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of micturition.

VI. PROGNOSIS: - S .

This case was presented to the members of the
hosPital staff at one of thevclinicg} conferences and after
all the criteria available had been considered a unanimity |
of opinion was pronounced in favour of a very poor prognosis.
The extensive bilateral distrlbutlon of disease obviated any
possibility of a bilateral artificial pneumothorax. The
low vital capacity appeared too & contra-indication for a
bilateral pneumothorax. It was uncertain in this case to
determine how much importance was to be attached to‘the
blood pictu:e, for the results from the blood investigation
on admission were difficult to interpret, as they were rather
conflicting. Thus, the differential blood count, the
lymphocyte/monocyte ratio, the Von Bonsdorff figure, and even
the Arneth Count, on the one hand, gave results which were
not too discouraging for the future welfare of the patient,
while on the other hand the Blood Sedimentation rate showed
& very ra.pidisedimentation of the erythrocytes' indicating a
poor prognosis. Much weight was given to the positive

findings, namely, the X-ray findings, the clinical picture

-presented by the patlent, the vital capacity, the persistent
-amenorrhoea eand rapid sedimentation of the erythrocytes;
and fluctuant/findings like the' cytologicel features of the
white cells, seen in a bleod film, were not permitted by

themselves/
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themselves to prejudice the prognostications of the medical
staff at the conference. ' Since tuberculosis is a disease
in which all stages of the lesion are met, it was regarded
that the present favourable blood picture was just an
indication of & certain reparative process in progress &t
‘the time of the blood examination which predominated the
blood picture.

' !

" VII. TREATMENT:
On the 25.9.40 patient had an insufflation of air
into the peritoneal cavity (500 c.cs.) Theré were no complaints
and since it was tolerated vefy well a second insufflation |
was given three days later. She received bi-weekly insufflations ?
for about three weeks, after which period weekly administration
of 1000 c.cs. of air were instituted. Patient received
pneumoperitoneum for'approxim&tély a year, no complications
were encountered. On two occasions her sputum examinetion was
returned "negative for the tubercle bacil}i" from the
bacteriologist. The negative results alternated, however,‘
with g positive result; so far the’writer has not obtained
thrée consecutive negative sputum examinstions in this case. o
Patient was. screened repeatedly and the diaphrdgmatiegfg
domes were both elevated and partially immobiie. X-ray films,
. Which confirmed the elevated position of the diaphragm,'gre
- shown/ \
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shown in the section headed "Radiological Illustrations".
It wiil be noticed that the cavity in the left‘lung reﬁgiﬁed
patent. The iritgr has never been successful in closing
an apical cavity with pneumoperitoneum, but this result
should not, in his opinion, minimise the beneficial effects
of pneumoperitoneum nor cause one to underestimate its value,
for‘even although it was not successful in closing the cavity
it increased the patient's powers of fesistance, for she gained
approximately two stones'in weight, the night sweats disappeared,
and the pulse rate kept regularly at 80-90 per minute. Patient
- became afebrile, her sputum became negative. A rough
- parallelism in the improvement of this patient's clinical
cpndition can be drawn from the graphic representation of the
differential white cell count, and also the blood
sedimentation rate similarly represented.

| The assessment of the segmentation of the nuclei
of the leucocytes, and the dlfferentlal white blood counts,
observed during the course of treatment are represented

herewith 'in tabulated form.
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| 'DIFFERENTIAL COUNT. | |
Patient's Name: T.McA. '+ Aet - 18 years.

{
| Date | Total Count |Neutrophils Lyz_nghoc;teé Monocr_t:es ‘
B otal A ot Tota
1940 | - ' |
Sept.| 14,000 per c.mm. |9,520 68 {2,800 | 20 [1,680 |12
Oct. { 12,800 7,424 | 58 3,584 | 28 1,792 |14
“Hov. | 10,600 " 16,784 | 64 |2,756 | 26 [1, ,060 |10
Dec, | 9,000 » 15,130 | 57 {3,150 | 35 720 | 8
1941 - '
Jan. | 8,000 " 4,800 | 60 {2,800 | 35 400 | 5
| Feb, | 11,000 " 17,150 | 65 |2,860 | 26 990 | 9
Mar. | 12,000 " 8,160 | 68 |3,000 | 25 840 | 7
April 10,500 " 6,195 | 59 | 3,685 | 33 840 | 8
May | 11,200 . 6,832 | 61 2,808 | 34 560 | 5
June | 14,200 i 9,656 | 68 13,550 | 25 | 994 | 7
' ARNETH COUNF -~ DURING TREATMENT.
Patient's Na.mei T.McA, Aet - 18 years.
a. . v. ighted
Da.‘l;e No.Lobes in each group ﬁg;h v ?g’;ﬁgﬁr 2 w&eﬁ e
I, II. I1I. IV, V.
18 32 24 18 8 | 50 266 2,66
16 36 30 15 3 52 | 253 2453
14 34 31 19 2 48 261 2,61
16 30 321 200 -0 49 255 2.55
12 38 32 14 4 50 260 2,60 |
10 §4 38 16 2 44 266 2,66 .
8 3 32 18 6 44 278 2.78 -
10 31 40 15 4 - 41 272 2,22
5 37 42 14 2 42 | 269 2,69
8 3 29 20 8 43 285 2.85
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CASE III.

Patient's Name -~ A.D. , ' det - 20 years.

-

This case and Case IV are cited to demonstrate the
combination of pneumoperitoneum with other forms of collapse
therapy as, for example, phrenic nerve crush operation and

artificial pneumothorax respectively.

I. HISTORY OF PRESENT ILINESS:

The case history here is very much in keeping with
the typical case of & patient suffering from pulmonary
tuberculosis namely, four months before admission to hospital
patient complained of a persistent cough accompanied by sputum
which was never bloodsteined, but was rather difficult to
éipectorate. Loss of weight, a general feeling of tiredness
and night sweats all bore testimbny to a generalised, systemic
'disturbance. X-rays taken of the chest revealed the hilateral
lesion, and the sputum examination left no dbubts as to its
DPrecise nature. Arrangements\wére completed soon for an earl&

admission into Robroyston Sanatorium.

II. PREVIQUS ILLNESSES:

Rheumatic fever at twelve years of age. Measles

and whooping cough in infanecy.

III. FAMILY HISTORY:
One/

+ L R
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One sister was suffering from lupus of the face.

Father snd Mother alive and well.

~

IV. EXAMINATION ON ADMISSION: (12.11.40)

General Examination: Patient was not very well

nourished; his skin was moist; there were no palpable lymph
glands; no clubbing of fingers was noticed.

Examination of temperature chart gave the following
information:- Temperature 98°F;‘Pulse rate 88 per minute. °

Respirations 20 per minute.

V. EXAMINATION OF ¥ STEMS:
A. Respiratory System:

(1) Inspection: The respiratory rate was not
increased. Its rhythm was regular.and equal in ﬁdth sides.
. There was noticed some f;attening of both infraclavicular
fossaéwith a poor respiratory e#eursion over these areas.

(ii) Palpation: This method of examinatiom
confirmed the poor respiratory excursion over both apiceé.v
Voéal fremitus was exaggerated over both upper lobes.

(iii) Percussion: Dullness and a sense of increased

resistance was found over both apices. Krdnig area was diminighed

over both apices.

(iv) Auscultation: Breath sounds were bronchial
over both apices, anteriorly and posteriorly. - Coerse moist

réles/
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réles were present over these areas during both phases of

réspiration. Vesicular type of breathing was heard elsewhere

in the chest. The expiratory phase wés prelonged down both
sides posteriorly to the level of the inferior angle of the

scapular

(v) Rediological Examination: (12.12.40) "There
is active tuberculosis of the upper 2/3 of both lungs with
cavitation in the left."

(vi) Sputum Examination: (13.11,40) "Many tubercle

baceili in sputum.” . . L
(vii) Vital Capacity: 2,500 c.c.

B. Cardio-Veascular System:
(a) Vaso-motor sxstem: The peripheral circulation

appeared to be very good. | ‘
(b)APulse: Rate 88 per minute. Its rhythm was
regular and its volume was good.

(e) Blood pressure: The systolic blood pressure

was recorded as being 118 m.ms. of mercury, the diastole

being 80 m.ms. .
(d) Heart: No abmormality was detected by the usual

methods of examlnatlon, namely inspection, palpation, percussian,

and suscultation.

(e) Blood investigationg
(1)/

4



(i) White blood count........ooevuuun 14,000 per c.mms,
(ii) Differential count....... Ceeeeas Neutrophils....60%
Lymphocytes. . ..26%
Monocytes..... 14
Lymphocyte/Monocyte Retio..... Ceteteasanens .1.85/1
(iii) Arneth counbt.........oeevvevneeeleniennnnenn, . 18
' l II.’. e & o 0 }2
III....... 51
IV..ooeenennn. 16
Veeoeoneeeonn . 3
Arneth Index......covvinvunns Chestseseaanas .. 50
(iv) Von Bonsdorff figUr@e...vevrereeereeeennneens .254
(V) Weighted MEBD. .....u e unenensus sosnenenennnn .2.54

(vi) Blood Sedlmentation Rate - 78 per mm. at the end
of lst hour.

C. Central Nervous System:

The pupils were equal in size and reacted to light

directly and consensually. The Plantar response was flexor

in type. Patient had a quiet disposition and was not, in

any wey, temperamental.

D. Genito-Urinary System:
No symptoms referable tg this system.

Alimentary System: | ,
(i) Buccal Cavity: . The tongue was clean and the

teeth were in good condition. There was no enlargement of
the tonsils. !
(ii) Abdomen/
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(ii) Abdomen: No masses to be felt.
Measuréments:

Umbilical 25 ins. Inspiration
26 " Expiration

Transpyloric 29 " Inspiration
30 " Expiration

11

PROGNOSIS: Poor.

Treatment: In view of the extent and activity of
the lesion it was decided that a pneumoperitoneum might be
better tolerated than a bilateral pneumothorax for if the
latter was to be of any value it would require to be an
initial simultaneous bilateral artificial pneumothorax. This

form of collepse therapy would probably be attended by

disastrous results since there was very little residual healthy

lung parenchyms. An interval bilateral artificial pneumothorax
would'produce & somewhat similar issue as the lesion was active
in both sides and the artificial pneumothorax on the one side
might tend to flare up the lesion on the contralateral side.
‘Bearing these points in mind it was decided to perform a
pneumoperitoneum but in this instance it was to be reinforced
by & phrenic crush on the worse side. .This combiﬁation was
thought to produce less drastic changes in the chest'than a
bilateral pneumothorax. The rationale of this form of '
treatment was quite simple,Bneumoperitoneum'would exercise &
beneficial effect on both lungs while the side in which the
phrenic/ |
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phrenic operation had been performed would derive the

additional benefits from the effects of the paralysed

diaphragm.. Going on the principle of treating the worse

side first, it was decided to ﬁaralyse the left phrenic nerve.

This procedure was carried out on the 9;12.40 and eight dgys‘

later this form of collapse therapy trsatment wes supplémented

by an artificial pneumbperitoneum. |
Patient was given the routine bi-weekly insuffletions

,forla period of three weeks followed thereafter by weekly

insufflations of a 1,000 c.cs. of air. During the initial |

insufflation this patient cbmplained of pain in the contra-

: latera; shoulder, thaf'is, on side opposite tp the paralysed

phrenic nerve, the homolateral side being free from pain.

This patient's tréatment}was uncomplicated. There was never

any evidence of dyspnoee during or immedistely following g

a large insufflation of air. There was no sickness following |

the left sided phrengz) nerve operation and the patient's

appetite continued to be good. Clinically the usual

improvement was noticed; she gained over 2 stones in weight;

night sweats were absent; she had no elevation of temperatur
her pulse rate ran roughly between 80-86 per minute.

Patlent's sputum became scanty but remained positive.

,165,

The blood pictures are represented on pages 16},
- &and their interpretation supports the view, in a broad ssnee that the.

blood/

>
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blood examination can in a general way, in some cases,
be regarded as the mirror of the underljing pathologiocal
‘ lesion as it reflects often the progressive, or N
retrogressive, changes that are occurring in the body.
In this case the X-ray findings are not in unison with
the cytological characteristics of the blood for the films
shqw thaet the lesion remained active. It is rather
difficult to explain satisfactorily this result and one
mast, the writer feels, lay much stress on the positive
X-ray findings which are more tdngible and subject to
fewer fluctuations than say, the blood examination. It
may bé; however, %hat the/blOod investigation reveals
more minute and earlier patholigical .changes than an
X-ray film and progressive changes become apparent much
‘sooner here than they do in the X-ray film. In other
-words, the ehahges are first manifest in the blood long
befdre they appear radiologically in anradiogram‘of the

lung. ' R .




Patient's Name: A.D.
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'DIF FERENTIAL COUNT.

Aet - 20 yrs.
Date | Total Count Neutrophils | Lymphocytes| Monocytes
Total | % | Total | £ |Totel | %
1940 |
Dec. | 14,000 per c.um|. 8,400 |60 | 3,640 |26 [2,040 | 14
1941 o - '
an. | 12,800 " 7,424 |58 | 3,840 (30 (1,536 | 12 -
Feb, | 13,200 " 8,316 |63 | 2,640 |20 |2,112 | 16
Mar, | 9,200 " 4,876 |53 | 3,404 |37 9,200 | 10
April] 11,000 » 6,380 (58 [ 3,190 |29 {1,430 | 13
May | 12,000 " 6,720 |56 | 3,960 {33 |1,320 | 11
June | 10,900 " 7,085 |65 | 3,815 | 35 981 9

LOBULAR ASSESSMENT OF LEUCOCYTES - DURING TREATMENT.

det - 20 years.

Patient's Name: A.D.
No. Lobes in each Group %nrggih H,‘ gggsggrff ,Welig;:ed
I, II. III. IV. V. |
18 32 31 16 3 50 254 2,54
14 36 33 12 5 50 258
19 ,%0 25 19 7 49 265
13 '34 32 20 1 47 262
15 35 30 18 2 50 257
12 36 32 16 4 48 - 264
16 34 28 15 7 50 263
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COCASE IV

Patient's Name: A.__"MeI. Aet - 18 years.

This case exempllfles, as in the previous cese,
the harmony with whlch\ artificial pneumoperitoneum can combine
"with other forms of collapse therapy, for in this- perticular
instance it was used in combination with an artificial

pneumothorax.

I. HISTORY OF PRESENT ILLNESS: |
Patient appeared to have enjoyed good health until
53-4 months before admission to hospital when she complained
of an intractable cough, which was accompanied by sputunm,
there was no history of haemoptysis. Night sweats and loss
of weight were present. X-réys and sputum examination were
completed beforé admission and they confirmed the presemce of

pulmonary tuberculosis.

II. FAMILY HISTORY:
No history of tuberculosis reported in the family.

III. HISTORY OF PREVIOUS ILLNESSES:

There was no history of previous 1llnesses of &

Berious nature.

IV. EXAMINATION ON ADMIS SION (15.1.41) o
Patient was inclined to be thin, though she could

not be described as undernourished. Her skin appeared moi,;‘st.
There/ :
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/

There were no palpable lymph glands. Her temperature was
97°F: the pulse rate 100 per minute end the respiratory

rate was 20 per minute on admission.

V. EXAMINATION OF SYSTEMS:

A. Respiratory System:
\
(i) Inspection: There was some legging of the "

- right apex when compared with the left. The right sterno-
mastoid appeared more tense when compared with the left
sterno-mastoid muscle. 7
(ii) Palpation: The sternal head of the right
sterno-maestoid was found to be more rigid then the sterno-
m&stoid muscle of the opposite side. This method of
examination confirmed the lagging over the right apex.
Vocal fremitus was exmggerated over the right upper lobe

posteriorly.

(iii) Percusgsion: Dullness and increased resistance
to percussion were found over the right and left upper lobes
posteriorly.. Kronig's areae was diminished over both apices.

(iv) Auscﬁl;gtion: Vesicular breathing was present

over both apices anteriorly. Numerous fine crepitant ggﬁes

were present over both apices. Posteriorly bronchial E?
was heard over both upper lobes. Scattered rales were present
over a wide area in both sides. Pectoriloquy was present

over/



- 168 -

~over the right apex posteriorly.

(v) Badiological Exemination of the Lungs: (22.1.411.

"There is active tuberculosis throughout upper half of the
right lung and the whole of the left lung: Cavities afe
seen 1n both lungs, left and right."

(vi) Leboratory Examination of Sput : (15.1.41)

"Many tubercle bacilli seen in sputum."
(vii) Vital Capacity: 2,000 c.c.

B. Cardio-Vascular System:

| (a) Vaso-motor system: The peripheral circulafion
appeared to function adequately.
(b) Pulse: Rate 100 per minute. Its rhythm was
regular. Its volume fairly good. '

(c) Blood Pressure: The systolic blood pressﬁre

was 124 mms. of mercury while the diastolic pressure was

82 mms. Hg.
(d) Heart: ©No abnormelity was detected by the

usual methods of examination.

(e) Blood Investigation:

(1) White Blood Count......oovvvuvneunnnn
(2) Differential Count...Neutrophils....
Lymphocytes....
Monocytes......

Lymphoéyte/nbnocyte Ratio..ceeveaeann

(3) Arneth Count.............. ) A

. II..ceuuevee 39
III.....

IVi.......

Veeeeeoneann .

Arneth/




Arneth Index........ e, 52
(4) Von Bonsdorff Figure.............259
(5) MWeighted Mesn.......... ceeereeaed2.59

(6) Blood Sedimentation Rate - 68 m.ms.
et end of the 1lst Hour.

C. Alimentary System:

(i) " Buceal Cavity: The teeth were in a poor
condition. The tongue was furred. There was no enlargement
of the tonsils. '

(ii) Abdomen: ~No masses were felt in the

~abdomen. The tone of the abdominal muscles was good.

D. Central Nervous System:

There were no abnormality detected by the usual

methods of investigation.

Genito-Urinary System: There were no symptoms -
/
‘referable to this system. )

PROGNOSIS:

The outlook in this case was not regérded_as being

very good. The extent and activity of the chest lesion
together‘with the‘rapid>blood'sedimentation rate, and;iﬁ
characteristics of the white blood cells, together witﬁ/
lymphocyte/monocyte ratio did not predict & very good
~_prognosis/ |
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prognosis.

Treatment: DesPite the ominous portents noted,

(p.168;169) a bilateral artificial pneumothorax was suggested
and attempted in this case.
On the 17.2,41 an attempt was made to induce en

artificial pneumothorax on the left side, but this was not
~ successful. Two'othex attempts were made on the 21.2.41
and on the 27.2.41 respectively, but they wefe ebandoned
subsequently. Patient was given rest in bed for a period of
threé weeks before an induction was essayed on the right side.
This time the induction was successful, for the menometer
readings were higbly negetive and the patient received ebout
300 c.cs. without showing signs of dyspnoea. About six
weeks later, it was decided that the patient should receive ;

an artificial pneumoperitoneum in addition to her right
| sided artificial pneumothorax. This form of treatment was
regarded as being of far more value than a left sided
phrenic paralysis. The latter would have only & limited

unilateral application, whereas pneumoperitoneum would

affect both lungs. The dlaphragm&tlc elevation in the latter

Procedure uould be alweys under the constant control of_thc
. i .

operator, and the return of the dlaphragmatlc excur51on

There would be no fear of a permanent reductlon in the pamienb"

vital/
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vital‘capacity which would prejudice her future welfare.
Ac’cordingly, on the 27th April, 1941, an artificisl
poneumoperitoneum was induced as a supplementary measure t6
artificial pneumothorax. The patient was given 500 c.cs. at
~ the first insufflation end this was followedthree days later
by an insufflation of 700 c.cs. of air. There were no
untoward complications. The artificial pneumothorax and the
artificial pneumoperitoneum have been tolerated very well.

c.f. X-ray Plate No. VIII.

CASE V.

Patient's Name: W.R. Aet - 23 years.

| This case is mentioned in passing to demonstrate
one instance when artificial pneumoperitoneum was applied
successfully in a case of emergency when other measures had
failed.

The patient, a boy, aged 16 years, complained

for some months before admission to hospital of a cough which
was accompanied by sputum. The latter was bloodstained about
one month prior to admission. He stated also that he was
subject to fairly frequent attacks of pain in the upper
abdomen radiating to the right side of the abdomen and
through to the posterior chest wall. Breathing did not
appear/. '

R A i ma ot
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appéar to aggravate this pain. He had never any dysurie or
rengl colic. Examination of the spinal column did not reveal
any bony lesion, and a detailed investigation of the genito-
urinary system produced similar negative findings. Patient's
chest lesion clinically and radiologically was confined mainly
to the right lower lobe. There was ean impaired percussion
note over this area when it was compared with the same region
in the contra-lateral side, and the breath sounds were
vesiealér in type but with the expiratory phase prolonged
definitely over this lobe in the right side; vocal resonance
was much increased over this area. Radiological examinstion
29.8.39 reported:- "There is inasctive looking tuberculosis
below both clavicles and in both roots. There is massive
tuberculosis in the lower half of the right lung". Sputunm
examination 21.8.39 reported "tubercle bacilli seen".

In view Qf the site of the lesion, it was decided
that patient should have & right sided phrenic nerve operation
in preference to an artificial pneumothorax. Accordingly,
this operation was performed (15.12.39) and it was attended
by no complications. Patient did very well as a result of
the operation. His sputum became negative for the tubercle
bacilli, and he was allowed up to walk about the hospital
ground. On the 9th March, 1940, however, he had rather a

brisk haemorrhage amounting to ebout half a pint of blood.
There/
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There was much sickness accompanying this haemorrhage.
Patient was given conservative treatment for several hours,
but he continued to stain heevily and since there was no ‘
arrestment of this bleeding, it was decided that he should
have a right sided artificial pneumothorax. This was attempted
Eut was unsuocessful, and so artificial pneumoperitoneum was
induced as an emergency procedure. This was given high up in
the right hypochondrium under the diaphragm, 350 c.cs. being
given as an initial dose. This insuffletion was well
tolerated by the patient and it proved soon to be effeétive,

| for the haemorrhages beceme less frequent and less profuse.
This form of treatment was maintained for four days; after
the seqpnd day there\was no further evidence of haemorrhsage.
(e.f. X-ray Plate No. IX). It will be noticed that even with
only 350 c.cs. of air given into the peritoneal cavity through
fhe right hypochondrium route a satisfactory and effective
elevation was obtained. There is much to commend this way of
administering an artificial pneumoperitoneum, but the dangers,
to mention one, air ambolism, which might result from piercing
e large vein in the costae-phrenic angle, outweigh the
edvantages and persuade the writer to keep to the iliac fossa
route which is much safer and achieves the same result,
although much larger amounts of air require to be insufflated
into the peritoneal cavity.

Many/



- i74 -

Many more cases could be cited as illustrations
of the wide and effective therapeutic applications of
ertificial pneumoperitoneum, but the five cases discussed
give a general impression of the usefulness to which the
writer has applied this form of treatment. It will have been
gathered that pneumoperitoneum serves a very beneficial
purpose in the active bilateral chest lesions with toxaenmia,
for which the more radicel forms of surgical interference
are contra-indicated. The withholding .of pneumoperitoneum
treatment, in the writer's opinion, in these cases, and the
giving of bed rest alone, exposes the mejority of the patients
to the ever-present menace of the dissemination of the tubercle
bacilli to the healthy perenchyma, or it may permit cavity
formation in the tissue already involved, or, on the other
hand, facilitate pleural symphysis and the formation of other |
mechanical barriers to an effective therapeutic pneumoperitoneum '
at a later date. Much valuable time is lost and the problem '
of effective therapeuties becomes greater. The performance
of pnéumoperitoneum in these cases at an early date causes
the patient little or no constitutional disturbances, helps
to keep the lesion in the majority of cases in abeyance, and z
gives the patient time to muster up his or her natural powers
of resistance. It is quite true that some cases could have
been left, and perhaps have lost nothing by waiting. The
period/
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period of observation would have justified itself in such a
case but no one can predict with certainty the changes which
‘will occur in a tuberculous lung lesion. Case I provides a
good example of pneumoperitoneum being substituted as an
alternative method of treatment to an unsuccessful bilateral
artificial pneumothorax. The patient in this instance
responded very well to the former line of treatment. Pneumo-
thorax is always the first line of choice, but when this form -
of collapse therapy is ineffective and completely inadeqiste
in both sides, & very welcome and apparently worthy substitute
is found in artifiéial pneumopéritoneum. Cases III and IV
demonstrate the harmony in which pneumoperitoneum can be
combined with other forms of collapse therapy, namely, phrenic
herve interruption and artificial pneumothorax. None of the
patients receiving these combined forms of treatment révealed
any genersl constitutional disturbance. Case V exemplifies
the effectiveness of pneumoperitoneum as an emergency measure,
when all other surgicel forms of collapse therapy, except
thbraconhsty, of treating the pulmonary hsasemorrhage hﬁd been

applied and found to be unsuccessful.

AN



- 176 -

BADIOLOGICAL ILLUSTRATIONS.

The following Series of X-ray films demonstrate
the degree of ele#ation of the diasphragm that can.be
obtained as & result of artificial pneumoperitoneum. In
many of the radiograms the disphragm is also thinned out,
indiceting atomicity of this musculer orgen.

The effect of pneumoperitoneum on lung lesions
is appreciated radiologically. In some of the films
illustrated the tuberculous infiltrative process round
pulmonary cavities is seen to disappear, while in others
there is evidence that the tuberculous lesion has cleared
up or become quiescent in one or both lung fields. The
. liver and spleen are outlined very well in all plates
showing pneumoperitoneum.

. The X-rays are arranged in this section of the
thesis in such an order that each case considered has a
single reference plate number for every film that appears
in connection with the patient under discussion. If three
films are sLown relating to the same patient each of these
films will have the same plate number. Copies of radiograms
in print form accompany each film illustrated. The negative
and positive films should be compared, for in some instances
the latter demonstrate more clearly the points emphasised

by the writer.



PLIATE I.

PLATES II, IIXI, & IV.

PLATE V.

PLATE VI.

PLATE VII.

‘PLATE VIII.

" PLATE IX.
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.Two films are represented under this

plate number. Note the elevation of
the diaphragm that occurs during
pregnancy.

Note the diaphragmatic elevation

resulting from the pneumoperitoneunm.

Comparison of these three films
demonstrates the effect of pneumo-
peritoneum on & bilateral lung lesion.
Observe the clearing up of both lung
fields. |

Two films showing the chenge which
pneumoperitoneum hes produced in the
infiltrative lesion round the pulmonary
excavation and in the contra-lateral
lung lesion.

Observe from the three films:‘-

(a) the effect of pneumoperitoneum on
& paralysed hemi-diaphragm.

(b) the influence of pneumoperitoneum

: plus a phrenic nerve paralysed on
the bilateral lung lesion.

Pneumoperitoneum combined with an

aertificial pneumothorsax.

One instance in which pneumoperitoneum

was successful in arresting pulmonary

hasemorrhage.



- 178 -

PLATE TI.

Fig. 1: M.F. (14-2-41) Patient three months pregnant.
Dotted line indicates level of diaphragm. Film
shows a right tuberculous fibro-caseous lesion at

the apex. This type of lesion is not affected by

pneumoperitoneum.
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PLATE I (Print.)
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PLATE I.
S5t MAEEX (21-2»41) . Note the level of the diaphragm
at eight months* gestation. Same patient as in

Fig. 1.
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PLATE I (Print)

Pig 2: M.F. (21-7-41)
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PIATE II.

Ei g« I: M«D. 14-7-41. Bilateral disease: Pneumoperitoneum

has caused a marked elevation of the diaphragm,

especially in the right side. This patient did not

receive a phrenic paralysis.
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PLATE 1II (Print)
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PLATE III.

Fig. I. T. McA> (14-7-41) Bilateral disease. Film

shows the presence of a pneumoperitoneum. Note

the elevation of the diaphragm in Both sides.



PLATE

IIT

(Print)
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PLATE 1IV.

3LL&.1.J- A«D» (14-7-41). Bilateral disease. Note

diaphragmatic levels in both sides.



Pig.

I.

A.

D.

PIATE

-(14-7-41)
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IV (Print)



Fig.
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PLATE V.

I.C. (21-5-40), Acute exudative disease in both

sides. Right artificial pneumothorax ineffective

(25-6-40) . Left artificial pneumothorax also

ineffective (20-8-40). Pneumoperitoneum applied

(18-10-40) to splint both, lungs.



Fig.

I.

X.C.
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PLATE V (Print)

(21-5-40)

.*4
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PLATE V

Pig I«C, (1-4-41) Pneumoperitoneum* Note the
I

clearing up of the right lung field.



Fig.

2.

T

.C.
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PLATE V (Pi-int)

(1-4-4-n



Fig.

3.
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PLATE V.

I*C. (24-7-41).

Compare this film with those on

pages isa and 190* Note the clearing up of both,

lung fields.



193 .

PLATE V (Print)
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PLATE VI.

gig- 1-: M» Bu (10-2-38). Bilateral disease. Note cavity
in the left lung, also tuberculous infiltrations

and basal collection of fluid in right 1lung.



PLATE VI (PrintA

gig- TI.
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PLATE VI.

Hnspl

Fig. 2: M.Bu. (5-10-39). Pneumoperitoneum. Note the
clearing up of (1) the exudation in the left side

GO the infiltrative process in the right side.
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PLATE VI (PBIHT)

Fig. 2: M.Ba. (5-10-39).
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PLATE VII.

M.B.t

Fig. 1. M. Br. (29-11-78). Extensive exudative lesion in

toth sides with large cavity in the upper third of
left lung.

(2579“38)» Note level of diaphragm and compare
with Eig. 3. plate VII.

Left phrenic paralysis performed
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PLATE VII (Print)
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PLATE VII.

ft.

Fig, 2: M,Br. (17-9-40). Note the rise of the paralysed
hemidiaphragm with pneumoperitoneum. Observe the

clearing.up of both lung fields.
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PLATE VII (Print)

fig. 2. M.Br. (17-9-40'")
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PLATE VII.

Fig. 3: M.Br. (20-6-41)

Pneumoperitoneum stopped. Note

Right side shows now a small inactive
apical lesion.

End result.

The exudation has cleared up
round the cavity in the left side.

Patient
ready for thoracoplasty.
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PLATE VII (Print).

Pig. 3: M.Br. (20-6-41).
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FIA.TE VIII.

Fig.I: A. Mcl. (14-7-41) Selective collapse of right
lung 'by artificial pneumothorax (25-3-41). Left
sided artificial pneumothorax attempted hut

unsuccessful (17-2-41). Pneumoperitoneum started
in order to splint the left lung (27-4-41).
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PLATE VITt (Prints

Pig. I. A.Mol. (14-7-41).



Fig.

I:
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PLATE IX.

W.R, (14-3-40), Pneumoperitoneum. This patient

who had received a right phrenic operation
(15-12-39) suffered from a severe haemoptysis.

An attempt to establish an artificial Pneumo-

thorax failed (9-3-40) ¢ Pneumoperitoneum was

induced, accordingly (9-3-40) to arrest the

haemorrhage.

This procedure achieved the desired
result.
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FLATE IX (Print).

Sigi. I. W.B. (14-3-40).
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PART FOUR
SUMMARY & CONCLUSIONS.

The majority of the forty p&tients,:whose
course of treatment is made the basis of this study, were
making no noticeable progress at the time when artificial
pneumoperitoneum was undertasken. Their lung lesion,
clinically and radiologically, was active and extensively
bilateral. The prognosis in most of them was regarded as
hopeless, and in an sattempt to improve this a pneumoperitoneum
was pefformed.

Attempts had been made previously in seven patients
to perform a bilateral artificiel pneumothorex, but this |
operation was not successful, and since unileteral phrenic
nerve operations had a limited application for these patients
~and bilateral phrenic nerve surgery was not considered
advisable, pneumoperitoneum appeered to be singly or in
combinaetion with & unilateral phrenic crush, on the worse
‘side, the next logicel step. In those cases, four in number,
where artificiasl pneumothorax had failed to &rrest haemorrhage,
pheumoperitoneum became not only the operation of choice but
of necessity. Artificial pneumoperitoneum hes & multiplicity
of adventages. Thus, to mention & few:- (1) the attractiveness
of this operation is its simplicity of execution. Reasonable
safety can usually be given to the patient beéause of the

already/
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already established work of pneumoperitoneum as a diagnostic
agent as well as a therapeutic égent in Tuberculous enteritis.
No special apparatus is'required. The ordinary Lillington
Pearson type of pneumothorax apparatus, which was constructed
on the most simple lines, meets the occasion admirably. The
patients are disturbed very little for they receive the
treatment in bed sitting up. Fluoroscopic and radiological

examinations are very necessary, however, from time to time

in order to assess the diaphragmatic elevation for the manometer

readings are valueless in this respect. Hospital supervision
is to be recommended during treatment, but it is not strictly
necessary as there is a small portable set on the market which
tekes films very well and could be used to advantage by the
attending physician in gauging the elevation of the disphragm.

(2)Pneumoperitoneum is a revocable procedure.

(3) Pneumoperitoneum lends itself to a very perfect
combingtion with other forms of collapse therapy. Thus the
author has treated five cases of pneumoperitoneum with &
supplementary phrenic crush, with no harmful effects. In his
experience, phrenic crush combines well with pneumoperitoneum,
The phrenic paralysis appears to find & natural complement
in thé action of the air which favours the ascent of the
paralysed diaphragm. The opportunity was taken to combine

ertificial/
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artificial pneumothorax with artificial pneumoperitoneum

in one case, with no deleterious effects. 'Bot@ insufflations
were well tolerated and up till the moment of writing there

“have been no complications resulting from the combination of
' pneumothorax and pneumoperitoneum. Pneumoperitoneum, too,
can be combined with chrysotherapy in an effort to assist
fibrosis, if the physician deems if advisable. Rest, of
course forms the basic principle in the treatment of tuberculosis.
The success of pneumoperitoneum depends greatly on the
observance of this basic principle in the therapeutics of

tuberculosis.

(4) The psycho-therapeutic value of pneumoperitoneum
in cases of pulmonary tuberculosis can not be doubted. These
patients undergoing this form of treatment begin to live for
it. Their eir of despondency disappears and they feel they
are getting treatment; that something can be done for them,
and thet their condition is not éo hopeless as was first

apparent on admission to hospital.

(5) Clinically and symptometologically, improvement
is noticed in the patients. Thus they put on weight, they
sleep better at night since their hacking cough does not
trouble them so much. In six cases the sputum was returned
negative on ﬁhree consecutive occasions. It is reasonable to

suggest/
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suggest; at this stage, that eveluation of the ’ffoata of
pneumoperitoneum be based on the comparative X-ray films,
the gain in weight, the improvement in the mental outlook,
sputum changes, and the changes in the blood cytology.
Although pneumoperitoneum has not, in this series of cases,
changed -the size and shape of apicel cavities, it hss
produced very definite changes in the surrounding tuberculous
processes and in the contra-lateral lung, snd in two csses
the lung lesion was reported "fibrosed®. BResults from blood
examination heve not been overwhelmingly encoureging., The
cases illustrated show some very definite chenges which seem
to run persllel with the patients® clinical improveument,

but in others the changes could not be colleted.

The favoureble results which pneumoperitoneuw has
produced in some rather desolete cases has prompted thisg gtudy,
In view of the advanced stage of the disesse from which most
of these patients suffered, the mortelity rete showld not
condemn pneumoperitoneum, 2s only in one pstient out of foriy
cases was there clinicel evidence that pneumoperitoneum wes
a2 factor responsible for the desth of the petient. During e
period of enthusissm it is quite true thet soune paiienis wore
subjeet to pneumoperitoneum who, in the light of further
experience, should never heve received this form of 1trestment.
These patients would be regerded now &g unguiteble for
Preumoperitoneum/
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pneumoperitoneum.

In evaluating the results of the operation, inherent
difficulties arise which always complicate a purely objective
study. When artificial pneumoperitoneum is performed shortly
after the diegnosis is made, the possibility remains that
recovery in some instances might have taken place without
the operation, on a simple regimen of‘diet and rest,
particularly since bed rest for & long period used to be
considered the routine treatment of tuberculosis. The value
of the procedure in each case should be abpraised in a
ceritical m&hner, and on the basis of all associated factors,
as for example X-ray findings, gain in weight, temperature
and pulse character, sputum examination, and the biological
changes in the blood. ‘

In the author's opinion, as a result of this study,
pneumoperitoneum should be of some value in the effective
therapeutics of collapse therapy. It is his hépe that
further studies mey bring to light a clearer elucidation
of the mechanism of the action of artificial pneumoperitoneum
and permit the delineation of the limits and the practiecal
extension 6f this method of treatment in cases of bilateral

pulmonary tuberculosis.

»
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